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Public Class I nterfaces

This documentcontainsan inventory of the public memberfunctionsfor eachof the
FEL classesit is intendedto helpthe useranswerthe question:

What member functions can | call for an object of a particular class?

For new usersof FEL, andevensomeexperiencausersof FEL, theanswelto this ques-
tionmayoccasionallypbenon-olvious. The C++inheritancenierarchiegor meshesnd
fieldsarerelatively deep,6 or 7 levelsin mary casesthustherewould be mary places
to searchin orderto answerthe question. Furthermorethe classeghat the userin-

stantiateareoftenleavesin the hierarchytree,while mostmethodsareinheritedfrom

classegloserto theroot. Thisdocumenprovides‘one stopshopping'if oneis seeking
amemberfunctionsummary

Thereare someother questionghat the usermay have that this documentis not
intendedo answer For instance:

Wherein the class hierarchy isa particular function implemented?

In generatheusershouldnothaveto concerrhimselfor herselfwith whereaparticular
memberfunctionis implementedor reimplemented)n the FEL classhierarchies.If
one doesneedto know, the placeto go is the FEL sourceitself. The FEL release
containsanHTML file for eachFEL headeffile. Thelinks in the hypertet files make
traversingthe classhierarchiegelatively painless.

Anotherquestiornthatis answereclsavhereis:
How is a particular member function used?

To avoid having this documengrow largerthanit alreadyis, we have keptthedescrip-
tionsassociateavith eachmemberfunctionbrief. Long descriptionsfor examplefor
the field memberfunctionat _cel | , would getrepeatedmary times,andthis docu-
mentcouldexpandto telephonéiooksize. The UserGuideis a betterplaceto look for
discussioron how membeiffunctionsareintendedo be used.



Userswho like to learnby writing programamay ask:
What is an example usage of a particular member function?

Theplaceto look for ananswetto this questionis the FEL primer, or perhapghe User
Guide. The primer containsover a dozenexamplesdemonstratindpasicaspect®f the
library. The UserGuidecontainsexamplesandtext on how thefunctionscanbe used.



Class: FEL_absol ut e_val ue_fi el d<TO, FROW

Description:
Derivedfield returningabsolutevaluesof its componenfield.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen.i nterpol ate_derivedfiel dl —
FEL absol ut e_val ue fiel d.

Public Member Functions:
FEL_absolute _value _field(FEL _pointer<
FEL_typed _field<FROM> > f, char* nm = "abso-

lute _value _field");
Constructthis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO*, const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is float _field() const;



bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,



int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_absolute _value _field<float, float>
FEL_absol ut e_val ue_of fl oat fi el d;



Class: FEL_axi s
Description:

Public Member Functions:



Class: FEL_axi s_al i gned_nmesh

Description:
FEL_axisalignedmeshrepresentstructuredmeshesvherethe cells are aligned
with the coordinateaxes.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL _nmesh —
FEL _si ngl e_nesh —»
FEL_struct ured_mesh —
FEL .axi s_al i gned_mesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*I) const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;

int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*I) const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.



int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)

_ const; _
int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; ) ] ) ] ) ]
Corverta contravariantvectorin physicalspaceo its equivalentin computational

space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL _cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& ¢, int* i) const;

Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*
C) const;



int  set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

11
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Class: FEL_bi t vect or

Description:
The FEL bitvectorclassrepresents—yoguessedt—a bitvector

Public Member Functions:
FEL _bitvector(int lo, int hi);
FEL _bitvector(const FEL _bitvector&);
Constructa bitvectorwhosebits canbe accessedly theindiceslo .. hi.

“FEL _bitvector();
Destructa bitvector

bool lookup(int);

void put(int);

void del(int);

void toggle(int);

void complement();
Twiddle the bitvectorbits.

int n() const;
Returnthe numberof bits represented.

FEL _bitvector& operator&=(const FEL _bitvector&);

FEL _bitvector& operator|=(const FEL _bitvector&);
FEL _bitvector& operator-=(const FEL _bitvector&);
FEL _bitvector& operator"=(const FEL bitvector&);
Apply thebitwise operatorover all the correspondindpits in the bitvector
int  operator==(const FEL _bitvector& rhs);
int  operator!=(const FEL _bitvector &rhs);
Testfor equalityof all the bits of rhs.
int  operator<=(const FEL bitvector& rhs);
int  operator>=(const FEL bitvector& rhs);

Testif thebits of thisareasubse( <=) or supersef >=) of rhs.

int  card();
Returnthe numberof bits currentlyset.

void reset();
Twiddle the bitvectorbits.
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Class: FEL_cached_fi el d<T>

Description:
A wrapperfield which cachesnodequeryresultson anotheffield, andsatisfiesre-
peatedrequestdrom its cache.FEL cachedfield allocatesa corefield’s worth of
memoryupfrontfor its potentialstorageneedgcomparevith FEL_hashcachedfield).

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_cached_fi el d.

Public Member Functions:
int at _cell(const FELcell&,  T[));
int at vertex _cell(const FEL vertex _cell&, — T%);
int at _cell _interpolant(const FEL cell _interpolant&,

TI);

int D)at _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys _pos(const FEL_phys _pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&,
~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL_cell _interpolant&, T);

Retrieve field nodevaluesreturnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.



14

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

_enum,

Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).



Typedefs:
FEL_cached _field<float>
FEL _cached_fl oat fi el d;

FEL_cached field<FEL _plot3d _g>
FEL_cached_pl ot 3d_q_fi el d;

FEL_cached _field<FEL _vector3f>
FEL _cached_vect or 3f _-fi el d;

15
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Class: FEL_cel |

Description:
TheFEL_cell classrepresentsellsin FEL.

Public Member Functions:

FEL _cell();
FEL cell(FEL _cell _type _enum t);
FEL cell(FEL _cell _type .enum t, int i, int

j;

int  K);

FEL _cell(const FEL.cell& ¢, FEL_cell _type _enum t);
FEL _cell(const FEL.cell& ¢, FELcell _type _enum t, short

si);
FEL)_ceII(FEL cell _type .enum t, short si,

FEL_vector3i& i, int z, const FEL_time&
Initialize anFEL_cel | .

FEL_cell _type _enum get _type() const;
void set _type(FEL _cell _type _enum t);
short get _subid()  const;
void set _subid(short si);
FEL_vector3i get _ijk() const;
int get _ijk(int i) const;
void set _ijk(const FEL vector3i& i);
void set _ijk(int i, int j, int Kk
int& operator[](int i);
const int& operator[](int i) const;
int get _unstructured  _d() const;
void set _unstructured  _id(int i);
int get _zone() const;
void set _zone(int 2);

Accesghecell datamembers.

float get _physical _time() const;
float get _computational _time()  const;
int get _time _step() const;
FEL_time get _time() const;
void set _time(const FEL_time& t);
void set _physical _time(float t);
void set _computational _time(float t);
void set _time _step(int t);
void set _time _undefined();

Accessthetime representation.

friend  ostream& operator<<(ostream&, const

Outputacell representatioto anostream.

int get .dim() const;
Getthedimensionof thecell.

int get _n_nodes() const;

const

ti);

FEL cell&);



get _n_vertices() const;
Getthenumberof nodesor the numberof vertices.
simplicial() const;
Returntrueif thecell is avertex, edge triangleor tetrahedron.

friend  bool operator==(const FELcell& Ihs, const

FEL_cell& rhs);

friend  bool operator!=(const FELcell& Ihs, const

FEL cell& rhs); ) ) )
Testtwo cellsfor equalityby comparingcorrespondinglatamembers.

17
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Class: FEL cel | _i nt er pol ant

Description:
An FEL _cellinterpolantcontainspublic cell andinterpolantdatamembers.

Public Member Functions:
friend  ostream& operator<<(ostream&, const

FEL_cell _interpolant&);
Write to anostream.
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Class: FEL_cel |l _iter

Description:
A classfor iteratingover varioustypesof cells.

Public Member Functions:
bool done() const;
Testwhethertheiteratoris done.

friend  bool operator!=(const FEL cell _ter& Ihs, const

FEL cell _iter& rhs); ] o
Compareaniteratorwith aniteratorinitialized by end().

const FEL_cell& operator*();
Dereferenceheiterator

void operator++();
void operator++(int);
Incrementheiterator

int get _zone();
void set _zone(int zn);
Accesshecell zone.

void set _physical _time(float pt);
void set _computational _time(float ct);
FEL_time get _time();

Accessthetime of thecell.

int card() const;
Returnthe numberof cellsthatthis iteratoris initialized to produce(not supported
if theiteratoris initialized to loop over mulitiple zones).

void set _time(const FEL_time& t);
void set _time _step(int t);
Accesghetime of thecell.
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Class: FEL_conponent fiel d<TO, FROW

Description:
Derivedfield returningtheresultof the[] operatoonits componenfield. Typically
usedto retrieve thei’ th componenbdf a vector

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL_map-t hen.i nter pol ate_derived_fieldl —
FEL conmponent fi el d.

Public Member Functions:
FEL_component field(FEL _pointer<  FEL_typed _field<FROM> >

f, int ¢, char* nm = "FEL _component _field");
Constructthis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&, — TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

bool is _core field() const;

bool is float _field() const;



bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _iter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

21
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int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

Typedefs:
FEL_component ield<float, FEL_plot3d _g>
FEL conponent _of _pl ot 3d_g_fi el d;

FEL_component field<float, FEL_vector3f>
FEL conponent _of .vect or 3f fiel d;
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Class: FEL_const ant fi el d<T>

Description:
A field which returnsthe same(constantyaluefrom all locations.Usefulfor scal-
ing operationspr otheralgebraicmanipulationson fields, usingthe derived field
facility.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_const ant fiel d.

Public Member Functions:

int at _cell(const FELcell&,  T[));
int at vertex _cell(const FEL vertex _cell&, — T%);
int at _cell _interpolant(const FEL cell _interpolant&,
intTD)ét _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys _pos(const FEL_phys _pos&, T%*);
int at _phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant*, *);
int at _phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL_cell _interpolant&, T);
Retrieve field nodevalues returnl if successful.
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.
int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.
bool varies _with _time() const;

Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;

Retrieve a pointerto the meshassociatedvith thisfield.
int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.
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int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

_enum,

Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).



Typedefs:
FEL_constant _field<float>
FEL const ant _f| oat fi el d;

FEL_constant _field<FEL _matrix33f>
FEL_const ant _matri x33f fi el d;

FEL_constant _field<FEL _vector3f>
FEL const ant _vect or 3f fi el d;
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Class: FEL_core_fiel d<T>

Description:
A field whosenode valuesresidein memory(in contrastto a derived field, for
which valuesaregenerateanly on demand).

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_corefi el d.

Public Member Functions:

FEL_core field(FEL _mesh_ptr, T* char* = "core _field");
FEL_core field(FEL _mesh_ptr, T* bool, char* =

"core _fie_ld‘(?; )
FEL_core field(FEL _mesh_ptr, FEL_pointer<

FEL_core field<T> >, char* = "shared _core _field");

Threeoptionsfor constructinga corefield.

int at _cell(const FELcell&,  T[));
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TI);

int I])at _structured  _pos(const  FEL structured _pos&, T*);
int at _phys pos(const FEL_phys pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,
~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevaluesreturnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata’associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.



FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

FEL _pointer< FEL typed field<T> > get _eager field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

27
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Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_core _field<float>
FEL core_fl oat fi el d;

FEL_core field<FEL _plot3d _g>
FEL_core_plot3d_qgfield;

FEL_core _field<FEL _vector3f>
FEL core_vector 3f field;
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Class: FEL_cross_fiel d<TO, FROML, FROW>

Description:
Derivedfield returningthe crossproductof its componenfields.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen_.i nterpol ate_derivedfiel d2 —»
FEL cross fi el d.

Public Member Functions:
FEL_cross field(FEL _pointer<  FEL_typed _field<FROM1> >
fl, FEL_pointer<  FEL_typed _field<FROM2> > f2, char* nm

= "cross _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO*, const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,



int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_cross _field<FEL _vector3f, FEL_vector3f,

FEL _vector3f> .
FEL_cr oss_of .vect or 3f fi el d;
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Class: FEL_curl fiel d1<TO, FROW

Description:
Classsupportingfirst-orderaccurateestimationof curl.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_ di fferential operator_field—
FEL_di fferenti al operator _fieldl—
FEL curl fiel dl.

Public Member Functions:
int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata’associatedvith thisfield.

bool varies _with _time() const;



Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Typedefs:
FEL_curl _fieldl<FEL _vector3f, FEL_vector3f>
FEL cur| _of _vect or 3f _fi el d1;
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Class: FEL_curl fiel d2<TO, FROW

Description:
Classsupportingsecond-ordeaccurateestimationof curl..

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL di fferential operator field—
FEL_di fferential operator field2 —
FEL curl fiel d2.

Public Member Functions:
int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL _pointer< FEL typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
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Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cells of specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

-enum,



Typedefs:
FEL_curl _field2<FEL _vector3f, FEL_vector3f>
FEL cur| _of _vect or 3f _fi el d2;
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Class: FEL curl _i nterpol at or<TO, FROW

Description:
This classcalulateshe curl by first-orderaccuratemethods gettingthe necessary
derivativesby analyticdifferentiationof eitherisoparametrior physicalspacen-
terpolationpolynomials.

Inheritance Hierarchy:
FEL derivative. nt erpol ator —
FEL curl _i nterpol ator.

Public Member Functions:
int interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOOI])=0;
Interfacefor derivative mterpolatlonon atetrahedron.

int interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TOOH
Interfacefor derivative interpolationon a e(ahedron

int interpolate(const FEL_vector3f&, const
FEL _interpolant*, const FROM&, const FROM&, const

FROM&, const FROM&, TO*); ) )
Calculatethe curl at aninterior point (physicalcoords,in FEL vect or 3f) of a

tetrahedronwhosenodevaluesarespecifiedby the FROMs, accordingto interpo-
lation schemespecifiedby the FEL _i nt er pol ant, andputanswerin TO*.

int  interpolate(const FEL vector3f&, const
FEL _interpolant*, const int&  const FROM&, const
FROM&, const FROM&, const FROM&, const FROM&, const

FROM&, const FROM&, const FROM&, TO*);
Calculatethe curl at amntenorpomt (physmalcoords in FEL_vect or 3f) of a

hexahedronwhosenodevaluesarespecifiedby the FROMs, accordingto interpo-
lation schemespecifiedby the FEL _i nt er pol ant, andputanswerin TO*.

int interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TO[); ]
Calculatethecurl atall verticesof atetrahedronaccordingo interpolationscheme

specifiecby FEL _i nt er pol ant , andputanswersn T( | .

int interpolate(const FEL . interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TO[]h
Calculatethecurl atall verticesof ahex edronaccordingo interpolationscheme

specifiecby FEL _i nt er pol ant, andputanswersn T( ] .
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Class: FEL_curvilinear _nesh

Description:
FEL_curvilinearmeshis an abstractclassthat is the parentto all the curvilinear
meshsubclasses.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL _si ngl e_nesh —
FEL_struct ured_mesh —
FEL curvi |l i near _mesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _cell*l) const; )
Locateavertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&, float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.



int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)

_ const; _
int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; ) ] ) ] ) ]
Corverta contravariantvectorin physicalspaceo its equivalentin computational

space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL _cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& ¢, int* i) const;

Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*
C) const;



int  set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL curvilinear nesh_tine_series_ ayout

Description:

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_si ngl e_nesh —
FEL_st ruct ur ed_mesh —
FEL_curvi | i near .mesh —
FEL curvilinear mesh_time_series.|ayout.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _.n_zones() const;
Returnl for ary subclas®f FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.
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int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
const;

int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; . ] ) ] ) ]
Cornvertacontravariantvectorin physicalspaceo its equivalentin computational
space.

bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& c, int* i) const;

Cornvertbetweercell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL _cell*
C) const;
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int  set _interpolant(FEL _cell _interpolant*) const;

int set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates  _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

-enum,
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Class: FEL_curvili near nesh_xyz_ ayout

Description:
FEL_curvilinearmeshxyz_layoutrepresentsurvilinearmeshesvherethe coordi-
natesarestoredin an FEL_vector3farray andIBLANK valuesareall assumedo
bel.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL nmesh —
FEL_si ngl e_mesh —
FEL st ruct ured_mesh —
FEL curvi | i near _mesh —
FEL curvi l i near _mesh xyz_| ayout .

Public Member Functions:
FEL _curvilinear _mesh_xyz _layout(int do, int di, int
d2, FEL_vector3f* Xyz, const char* nm = "curvilin-

ear _-mesh_xyz _layout");
Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Usethe xyz buffer

for coordinatesiata.
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
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Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f*) const;
Requestlacobiammatrix at givenvertex.
int  contravariant _phys _to _comp_vector(const
FEL vertex _cell&  const FEL vector3f&, FEL vector3f*)
_ const; )
int  contravariant _phys _to _comp_vector(const

FEL_structured _pos&, const FEL_vector3f&,

FEL_vector3f*) const; ) ) ) ) ) )
Corverta contravariantvectorin physicalspaceto its equivalentin computational

space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ] ]
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = —1& const; . )
int  down_cells(const EL_cell&, int, int* FEL_cell[])

const;
Returnincidentcells.



int int _to _cell(int i, int d, FELcel ¢ int s =-1)

_ const; ] ] .
int  cell _to _int(const FEL.cell& ¢, int* i) const;

Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C€) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const
FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesaindIBLANK.
int convert _time(const FEL_time&, FEL_time _representation
FEL_time*)  const; )
Corverttime representation.
void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ...) const;
int  begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.
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Class: FEL_curvilinear neshxyzi fiel dlayout

Description:
FEL curvilinearmeshxyzi_field_layout representsurvilinear mesheswhere the
coordinategandIBLANK valuescomefrom thefield providedatconstructiortime.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL _nesh —
FEL_si ngl e_mesh —
FEL st ruct ured_nesh —
FEL curvil i near mesh —
FEL_curvil i near .neshxyzi fiel d.layout.

Public Member Functions:
FEL _curvilinear _meshxyzi _field _layout(int do, int di,
int d2, FEL.vector3f _and_.int field _ptr f, const char*

nm = "curvilinear _mesh.xyzi field _layout");
Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Consultfield f for

coordinateandIBLANK data.
const char* get _name() const;
void set _name(const char*);

Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®of FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
const;

int  contravariant _phys _to _comp_vector(const
FEL_structured _pos&, const FEL_vector3f&,
FEL vector3f*) const;
Corverta contraariantvectorin physicalspaceto its equivalentin computational
space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = FEL: 'ume?1
Gettheboundingbox of themesh.

bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FEL_cell[]) const;
Getthesimplicial decomposmortells

int  up cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1& onst; ] .
int  down_ ceIIs(const EL_cell&, int, int* FEL_cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢, int s = -1)

const;
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int cell _to _int(const FEL.cell& c, int* i) const;
Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

-enum,
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Class: FEL curvil i near nesh_xyzi _| ayout

Description:
FEL curvilinearmeshxyzi_layout representgurvilinear mesheswvherethe coor
dinatesandIBLANK valuesarestoredin anFEL_vector3fand.int array

Inheritance Hierarchy:
FEL r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL _nmesh —
FEL_si ngl e_mesh —
FEL st ruct ured_mesh —
FEL curvi | i near _mesh —
FEL _curvi | i near _mesh xyzi | ayout .

Public Member Functions:
FEL _curvilinear _mesh_xyzi _layout(int do, int di, int d2,
FEL_vector3f _and_.int* xyzi, const char* nm = "curvi-

linear _mesh xyzi _Iayout"%; o ) )
Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Usethe xyzi buffer

for coordinate®@ndIBLANK data.
const char* get _name() const;
void set _name(const char*);

Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&, float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL vertex _cell&,
FEL_matrix33f* const;

Requestlacobiammatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)

_ const; )
int  contravariant _phys _to _comp_vector(const

FEL_structured _pos&, const FEL_vector3f&,
FEL vector3f*) const;

Corverta contraariantvectorin physicalspaceto its equivalentin computational

space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = FEL. tlme?1
Gettheboundingbox of themesh.

bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL vertex _cell&)  const;

void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])
const

Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL_cell[]) const;
Getthesimplicial decomposmormells

int up cells(const FEL cell&, int, int, int
~ FEL_cell[], int = -1'): onst; . ]
int  down ceIIs(const EL_cell&, int, int* FEL_cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)

const;



int cell _to _int(const FEL.cell& ¢, int* i) const;
Cornvertbetweercell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const
FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.
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Class: FEL_curvilinear surface_mesh

Description:
FEL_curvilinearsurfacemeshclassis usedto represensurfacesin 3-space.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL _nmesh —
FEL_si ngl e_mesh —
FEL st ructured_mesh —
FEL curvilinear mesh —
FEL curvi | i near surface_nesh.

Public Member Functions:

FEL _curvilinear _surface _mesh(int, int, FEL_vector3f*,
const char* = name.default); ) _
FEL _curvilinear _surface _mesh(int, int, int,
FEL vector3f*, const char* = name._default);
FEL _curvilinear _surface _mesh(int, int,
FEL_vector3f _and _int*, const char* = name._default);
FEL _curvilinear _surface _mesh(int, int, int,
FEL_vector3f _and._int*, const char* = name._default);

Constructa curvilinearsurfacemesh.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
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bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const
FEL vertex _cell&  const FEL vector3f&, FEL vector3f*)
const;

int  contravariant _phys _to _comp_vector(const

FEL_structured _pos&, const FEL_vector3f&,

FEL_vector3f*) const; _ ) ) ) ) )
Corverta contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is _structured _mesh() const;
Returntrue.
void set(const FEL set keyword _enum, int);
Setameshparameter
int get(const  FEL_get _keyword _enum, int*,  int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])

const;
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Returnincidentcells.

int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& ¢, int* i) const;

Cornvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int  locate(const FEL phys pos& p, FEL_cell&, FEL _cell*

. C) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

~ FEL_structured  _posé&, FEL.vector3f*)  const;
int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)

_const; ] ]
int combined _iblank _at _cell(const FEL_cell&, int*)

const;
int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[!)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;

_enum,
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Class: FEL derivative. nterpol at or<TO, FROW

Description:
Abstractbaseclassfor the "derivative interpolators” which actuallyapply the var
iousfirst-orderdifferentialoperators.

Public Member Functions:
int interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int  interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TO[])=0;
Interfacefor derivative interpolationon a hexahedron.
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Class: FEL_derived_fiel d<TO>

Description:
Purevirtual baseclassfor derivedfields

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL deri ved_fi el d.

Public Member Functions:
int at _cell(const FEL cell&,  T[);
int at vertex _cell(const FEL vertex _cell&, — T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

T;

int I])at _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys pos(const FEL_phys pos&, T*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&,
~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&, const
FEL_cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

)  const; ) »
Getphysical-spaceoordinate®f specifiedcell.
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void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).



61

Class: FEL_di fferencefiel d<TO FROVL, FROW>

Description:
Derivedfield returningthe differencebetweerits componenfields.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen_.i nterpol ate_derivedfiel d2 —»
FEL di fference fi el d.

Public Member Functions:
FEL_difference  field(FEL _pointer<  FEL_typed _field<FROM1>
> fl, FEL_pointer< FEL_typed _field<FROM2> > f2, char*

nm = "difference _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO*, const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,
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int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_difference  _field<float, float, float>
FEL_di f f erence_of fl oat fi el d;

FEL _difference field<FEL _vector3f, FEL_vector3f,

FEL_vector3f> )
FEL_di f f erence_of _.vect or 3f fi el d;
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Class: FEL di fferential operator fiel d<TO, FROW

Description:
Baseclassfor differentialoperatoffields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL di fferenti al operator field.

Public Member Functions:
int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): o .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata’associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;



Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Class: FEL di fferential .operator fiel d1<TO FROW

Description:
Baseclassfor first-orderdifferentialoperatoffields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL di fferential operator field—
FEL_di fferenti al operator fieldl.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.



FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* i, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Class: FEL di fferential .operator fiel d2<TO, FROW

Description:
Baseclassfor second-ordedifferentialoperatoffields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL di fferential operator field—
FEL_di fferenti al operator fiel d2.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.



FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* i, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Class: FEL_di vergence_fiel d1<TO, FROW

Description:
Classsupportingfirst-orderaccurateestimationof divergence.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL di fferential operator field—
FEL_di fferenti al operator_fieldl—
FEL _di ver gence_fiel dl.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata’associatedvith thisfield.

bool varies _with _time() const;



Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Typedefs:
FEL _divergence _fieldl<double, FEL_vector3d>
FEL _di ver gence_of vect or3d_fi el di;

FEL _divergence _field1<float, FEL_vector3f>
FEL _di ver gence_of .vect or 3f fi el di;
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Class: FEL_di vergence_fi el d2<TO, FROW

Description:
Classsupportingsecond-ordeaccurateestimationof divergence.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _mut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL differential operator field—
FEL_di fferential operator field2 —
FEL _di ver gence_fi el d2.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL _pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
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Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cells of specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

-enum,



75

Typedefs:
FEL divergence _field2<double, FEL_vector3d>
FEL _di ver gence_of vect or3d_fi el d2;

FEL _divergence _field2<float, FEL_vector3f>
FEL _di ver gence_of .vect or 3f fi el d2;
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Class: FEL_di vergence. nt er pol at or<TO, FROW

Description:
This classcalulateghedivergenceby first-orderaccuratenethodsgettingthenec-
essaryderivatives by analytic differentiationof either isoparametricor physical
spacenterpolationpolynomials.

Inheritance Hierarchy:
FEL derivative. nt erpol ator —
FEL _di ver gence.i nt er pol at or.

Public Member Functions:
int interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOOI])=0;
Interfacefor derivative mterpolatlonon atetrahedron.

int interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TOOH
Interfacefor derivative interpolationon a e(ahedron

int interpolate(const FEL_vector3f&, const
FEL _interpolant*, const FROM&, const FROM&, const

FROM&, const FROM&, TO%); ) ) _
Calculatethedivergenceataninterior point (physicalcoords,in FEL vect or 3f)

of a tetrahedronwhosenode valuesare specifiedby the FROMs, accordingto
interpolationschemespecifiedby the FEL _i nt er pol ant, and put answerin

TOx.
int interpolate(const FEL vector3f&, const
FEL _interpolant*, const int&  const FROM&, const

FROM&, const FROM&, const FROM&, const FROM&, const

FROM&, const FROM&, const FROM&, TO*);
Calculatdhedlvergenc&atanmterlorpomt(physmalcoords,ln FEL vect or 3f)

of a hexahedron,whosenode valuesare specifiedby the FROMs, accordingto
interpolationschemespecifiedby the FEL i nt er pol ant, and put answerin
TOx.

int  interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TO[]); . ) ]
Calculatethe divergenceat all verticesof a tetrahedronaccordingto interpolation

schemespecifiedby FEL_i nt er pol ant, andputanswersn T( | .

int interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TO['1[
Calculatethe divergenceat all vertice a hexahedronaccordingto interpolation

schemespecifiedby FEL _i nt er pol ant, andputanswersn T(J | .
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Class: FEL_dot _fi el d<TO, FROML, FROW>

Description:
Derivedfield returningthe inneror "dot” productof its componenfields.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen_.i nterpol ate_derivedfiel d2 —»
FEL dot fiel d.

Public Member Functions:
FEL_dot _field(FEL _pointer<  FEL_typed _field<FROM1> > f1,
FEL_pointer<  FEL_typed _field<FROM2> > f2, char* nm =

"dot _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO*, const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,



int get _n_time _steps()  const;

Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_dot _field<float, FEL_vector3f,
FEL_dot _of _vect or 3f fi el d;

FEL_vector3f>
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Class: FEL_edge_vertices

Description:
FEL_edgeverticesis usedto representhe 2 integervertex indicesof anedge.The
classis usedby FEL_unstructuredmesh.

Inheritance Hierarchy:
FEL vector2i —
FEL edge_verti ces.

Public Member Functions:
FEL_edge _vertices(int v0, int vl);
Initialize.

friend unsigned FEL_hash(const FEL_edge vertices& ev);
Returna cheaphash.
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Class: FEL_field

Description:
Purevirtual baseclassfor all fields. This classprovidesa commoninterfaceto the
underlyingmesh;andalsodeclaressariousfield "type informationfunctions”that
aredefinedby its subclasses.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL fi el d.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* i, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
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Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociatedavith this field.

-enum,



83

Class: FEL_fi xed.i nterval _ti me_seri es_fiel d<T>

Description:
FEL fixed.intenal_time_seriesfield representime-varyingfieldswherethereis a
fixedtime interval betweeneachpair of consecutre time steps.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_ti me_varyingfield—
FELtime seriesfield—
FEL fi xed. nterval tineseriesfield.

Public Member Functions:
int at _cell(const FELcell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T*);
int at _cell _interpolant(const FEL cell _interpolant&,

T;

int I])at _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys _pos(const FEL_phys _pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.
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int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int k, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Changdrom onetime representatioto another

FEL_pointer<  FEL_typed _field<T> > get field(int t);
Getthefield associatedavith atime stept.

bool load(int);

bool load _all();

void unload(int);

void unload _all();

void unload _least _recently _used();

void set _working _set _size(int);

void set _verbose(bool b);

void show_working _set(ostream&);
Managetheworking setdirectly.

bool is _time _series _field() const;
Returntrue.

_enum,
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int get _n_time _steps()  const;
Returnthe numberof time stepsin thetime series.

FEL _pointer< FEL typed field<T> > get _eager field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_fixed _interval _time _series _field<float>
FELfi xed.interval _ti ne_series_fl oat field;

FEL fixed _interval _time _series _field<FEL _plot3d _g>
FEL_fi xed_.interval tine_series_plot3d.gfield,

FEL_fixed _interval _time _series _field<FEL _vector3f _and._int>
FELfi xed.interval _ti ne_seri es_vector 3f _and.i nt fi el d;

FEL_fixed _interval _time _series _field<FEL _vector3f>
FEL_fi xed.i nterval _ti me_seri es_vector3f field;
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Class: FELfixed.interval time_series_plot3dfield

Description:
Field managefor onetypeof unsteadyfield.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL pl ot3dfield—
FEL_fi xed_.interval tine_series_plot3dfield.

Public Member Functions:

FEL fixed _interval _time _series _plot3d _field(char*, int,
FEL plot3d _filename _callback, void*, float, float,
unsigned = 0);

FEL_fixed _interval _time _series _plot3d _field(FEL _mesh_ptr,

int, FEL_plot3d _filename _callback, void*, float,
float, unsigned = O?; )
createsafield "managerfor anunsteadyfield.

FEL_mesh_ptr get _mesh();
FEL plot3d _g-field _ptr get _g_field();
FEL_plot3d _density _momentumfield _ptr

et _density _momentumfield(); _
FEL vector3f field _ptr get _momentumfield();

FEL_float _field _ptr get _density _field();
FEL_float _field _ptr get _energy _field();
Retrieve mesh,or PLOT 3D primitive fields.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_float _field _ptr make_float _field(FEL _float _field _enum);
FEL_vector3f field _ptr make.vector3f _field(FEL _vector3f _field _enum);
Requesia derived float field or vectorfield from the manager The completelist
of enumscanbe foundin the FEL UserGuide,in FEL_pl ot 3d_fi el d. h, or
the PLOT3D Users Manual (asPLOT3D "function numbers” which canbe used

directly.
bool is _mesh() const;
bool is _field() const;

Provide run-timetype determinatiorfor afew key FEL types

void set(const FEL_set _keyword _enum, int);
Setanoptionon meshor ary field associateavith the manager



Class: FEL gl obusrenote_fiel d<T>

Description:

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL gl obus_renote fi el d.

Public Member Functions:

int at _cell(const
int at _vertex
int at _cell

T

int “at _structured
int at _phys _pos(const
int at _phys _pos(const

_cell(const
_interpolant(const

_pos(const

FELcell&,  T[);

FEL.vertex _cell&,  T*);
FEL_cell _interpolant&,

FEL _structured
FEL_phys _pos&, T%);
FEL_phys _pos&,

_pos&, T*);

~ FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const

FEL_cell _interpolant&, ™);
Retrieve field nodevaluesreturnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field()
bool is float _field()
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;

Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

const;
const;

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith this field.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates FEL_cell&, FEL_vector3f

[) const;

_at _cell(const
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

-enum,

Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).

Typedefs:

FEL_globus _remote _field<float>
FEL gl obus_renot e fl oat field,;



FEL_globus _remote _field<FEL _plot3d _g>
FEL _gl obus_renot e_pl ot 3d_q_fi el d;

FEL_globus _remote field<FEL _vector3f>
FEL gl obus_renot e vect or 3f fi el d;

89
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Class: FEL_gl obus_r enot e_nmesh

Description:

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL gl obus_r enpt e_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.
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int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const
FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.
bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL cellll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL_cell[], int = —1& const; ) .
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL_cel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

FEL_vector3f _and_int[]) const;
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int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

-enum,
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Class: FEL _gradi ent fi el d1<TO, FROW

Description:
Classsupportingfirst-orderaccurateestimationof gradients.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL _mut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL differential operator field—
FEL_di fferential operator fieldl—
FEL _gr adi ent fi el d1.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL _pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
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Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cells of specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

-enum,



Typedefs:
FEL gradient _fieldl<FEL _vector3f,
FEL gr adi ent _of fl oat fiel di;

float>

95
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Class: FEL_gradi ent fi el d2<TO, FROW

Description:
Classsupportingsecond-ordeaccurateestimationof gradients.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL di fferential operator field—
FEL_di fferenti al operator_field2—
FEL _gr adi ent fi el d2.

Public Member Functions:
int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata’associatedvith thisfield.

bool varies _with _time() const;



Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

97

-enum,
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Typedefs:
FEL_gradient field2<FEL _vector3f, float>
FEL gr adi ent _of fl oat fi el d2;
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Class: FEL _gradi ent _i nt er pol at or <TQO, FROW

Description:
This classcalulatesgradientsby first-orderaccuratemethods,getting the neces-
saryderivativesby analyticdifferentiationof eitherisoparametrior physicalspace
interpolationpolynomials.

Inheritance Hierarchy:
FEL deri vati ve. nterpol ator —
FEL _gr adi ent _i nt er pol at or .

Public Member Functions:
int  interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int  interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TOOH)=0;
Interfacefor derivative interpolationon a hexahedron.

Il the;
according to interpolation scheme specified by the /l/
FEL_interpolant, and put answer in;

Calculatethe gradientat an interior point (physicalcoords,in FEL vect or 3f)
of ahexahedronwhosenodevaluesarespecifiedby

int  interpolate(const FEL vector3f&, const
FEL _interpolant*, const FROM&, const FROMZ&, const

FROM&, const FROM&, TO¥);. ) . ]
Calculatethe gradientat an interior point (physicalcoords,in FEL_vect or 3f)

of a tetrahedronwhosenode valuesare specifiedby the FROMs, accordingto
interpolationschemespecifiedby the FEL _i nt er pol ant, and put answerin

TOr.
int  interpolate(const FEL vector3f&, const
FEL _interpolant*, const int&  const FROM&, const

FROM&, const FROM&, const FROM&, const FROM&, const

FROM&, const FROM&, const FROM&, TO¥); )
Calculatethe gradientat an interior point (physicalcoords,in FEL vect or 3f)

of ahexahedronwhosenodevaluesarespecifiedoy

int  interpolate(const FEL _interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TO[)); ) )
Calculatethe gradientat all verticesof a tetrahedronaccordingto interpolation

schemespecifiedby FEL_i nt er pol ant, andputanswersn T( ] .

int  interpolate(const FEL _interpolant*, const
FEL_mesh*, const FEL_cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,

const FROM&, const FROM&, TOT[]); ) ) )
Calculatethe gradientat all verticesof a hexahedronaccordingto interpolation

schemespecifiedby FEL _i nt er pol ant, andputanswersn T( ] .
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Class: FEL_hash_cached_fi el d<T>

Description:
A wrapperfield which cachesnodequeryresultson anotheffield, andsatisfiesre-
peatedequestdrom its cache.FEL _hashcachedfield usesa dynamicallycreated
hashtablefor its storageneedqcomparewith FEL_cachedfield).

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_hash_cached_fi el d.

Public Member Functions:
int at _cell(const FELcell&,  T[));
int at vertex _cell(const FEL vertex _cell&, — T%);
int at _cell _interpolant(const FEL cell _interpolant&,

TI);

int D)at _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys _pos(const FEL_phys _pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&,
~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL_cell _interpolant&, T);

Retrieve field nodevaluesreturnl if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL _solution  _globals&);
Accesgglobal’metadata”associatedvith thisfield.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.
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int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL_hash _cached _field<float>
FEL_hash_cached_fl oat fi el d;

FEL_hash _cached _field<FEL _vector3f>
FEL_hash_cached_vect or 3f fi el d;
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Class: FEL_hash_di ct <KEY, VALUE>

Description:
FEL_hashdict representadictionarydatastructureusinga hashtable.

Public Member Functions:
FEL_hash _dict(int n);
Initialize a hashtableof sizen

bool lookup(const KEY&, VALUE?®);
bool lookup(const KEY&, KEY*, VALUE®);
void put(const KEY&, const VALUER&);
void del(const KEY&);

Accesdablevalues

int  card();
Returnthe numberof itemsin thetable
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Class: FEL_hexahedral _i soparametri c_. nter pol ant

Description:
Supportdsoparametriénterpolationon hexahedra.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL_i soparanetri c.i nterpol ant —
FEL.i sopar anetri c_3D. nt er pol ant —
FEL hexahedr al _i soparanetri c_i nterpol ant .

Public Member Functions:

FEL_hexahedral _isoparametric _interpolant(const
FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const

FEL vector3f&, const FEL_vector3f&);
Constructtheinterpolantwith the eightverticesof a hexahedron.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-

ceptionson mary systems.
int physical _to .computational _coords(const
FEL_vector3d&, double&,double&,double&, double
tol=1e-6);

Converts physicalcoordinateqinput as FEL _vect or 3d&) into local computa-
tional coordinatesyeturnedin the doubl e&'s. The corversionusesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if nocorvergence.

int inverse _jacobian(FEL _matrix33d&, double, double,

double);
Calculatethe inverseof the Jacobiarmatrix at the locationspecifiedby the dou-

bl es,andreturnit in the FEL_mat ri x33d&.

int inverse _acobian _t(FEL _matrix33d&, double, double,

double);
Calculatethe inverseof the transposef the Jacobiarmmatrix at the locationspeci-

fied by thedoubl es,andreturnit in theFEL _mat r i x33d&.

bool is _hexahedral _isoparametric() const;
Returntrue.
FEL _interpolation _enum get _interpolation() const;

Interfacefor retrieving interpolationmode.

bool is _mesh() const;
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bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL_hexahedral _physi cal _i nt er pol ant

Description:
Supportfor physicalspaceanterpolationon hexahedra.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL physi cal _i nt er pol ant —
FEL hexahedr al _physi cal _i nt er pol ant .

Public Member Functions:

FEL_hexahedral _physical _interpolant(const FEL vector3f&,
const FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const

FEL _vector3f&); ) ) )
Constructtheinterpolantwith the eightverticesof a hexahedron.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

bool is _hexahedral _isoparametric() const;
IndicatesnvhethercallingobjectisanFEL _hexahedr al i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL.i nt er pol ant

Description:
Abstractbaseclassfor all interpolants.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant .

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types



109

Class: FEL.i nterpol ate_t hen_map_derivedfiel d1<TO, FROW

Description:
Derived field built on onecomponenfield, which performsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen.i nterpol ate_derivedfiel dl —
FEL_i nt er pol at e_t hen_map_deri ved fi el d1.

Public Member Functions:
FEL . interpolate then _map.derived _fieldl(FEL _pointer<
FEL_typed _field<FROM> >, int (*)(const
FEL_solution _globalsg&, const FROM?*, void*, TO%),

void*, char* = "interpolate then _mapderived _field1");
Constructaderivedfield with onecomponenfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FEL cell&, — TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const
FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.
int get _min_max(TO*, TO*, const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
bool is _core field() const;
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bool is _float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int card(int d) const;
Getthe numberof cells of specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

_enum,
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int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Class: FEL.i nterpol ate_t hen_map_deri ved_fiel d2<TO, FROML, FROWR>

Description:
Derivedfield built on two componenfields, which performsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL_map-t hen.i nter pol ate_derived_fiel d2 —
FEL_i nt er pol at et hen_nap_deri ved_fi el d2.

Public Member Functions:
FEL .interpolate then _mapderived _field2(FEL _pointer<
FEL_typed _field<FROM1> >, FEL_pointer<
FEL_typed _field<FROM2> >, int (*)(const
FEL_solution  _globalsg&, const FROM1*, const
FROM2*, void*, TO*), void*, char* = "interpo-

late _then _mapderived _field2");
Constructa derivedfield with two componenfields.

int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FEL cell&, — TO[));

int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys pos&, TO¥);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL solution  _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
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Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith this field.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int Kk, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,
FEL_time*)  const;
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Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociateavith this field.
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Class: FEL.i nterpol at et hen_map_derivedfiel d3<TO FROML, FROMWR,
FROVB>

Description:
Derivedfield built onthreecomponenfields,which performsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL_map_t hen_i nt er pol ate_derivedfiel d3 —
FEL_i nt er pol at e_t hen_map_deri ved_fi el d3.

Public Member Functions:
FEL .interpolate then _map.derived _field3(FEL _pointer<
FEL typed _field<FROM1> >, FEL pointer<
FEL typed _field<FROM2> >, FEL pointer<
FEL_typed _field<FROM3> >, int (*)(const
FEL_solution _globalsg&, const FROMZ1*, const FROM2*
const FROM3*, void*, TO%), void*, char* = "interpo-

late _then _mapderived _field3");
Constructaderivedfield with threecomponenfields.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL _solution  _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.
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int get _min_max(TO*, TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int Kk, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,

FEL_vector_Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.
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int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL _time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.



118

Class: FEL.i nt er pol at or <T>

Description:
Classproviding interpolationfunctionson variouscell types.

Public Member Functions:
FEL _interpolator();
Constructa genericinterpolator

int interpolate(const FEL_vector3f&, const

FEL _interpolant*, const T&, const T&, const T&, const
CT&, T*);

int  interpolate(const FEL vector3f&, const

FEL _interpolant*, const T&, const Té&, const T&, const
~ T&, const T&, T*);

int mterpolate(const FEL_vector3f&, const

FEL _interpolant*, const T&, const Té&, const T&, const
~ T&, const T&, const T&, T*);

int  interpolate(const FEL_veCtor3f&, const

FEL _interpolant*, const int&  const T&, const T&,

const T&, const T&, const Té&, const T&, const T&,
const T&, T%);

Interpolateon a cell with numberof (const T) nodes,accordingto method

specifiedn theprovidedFEL i nt er pol ant .

int bilinear _interpolate(double, double, const T&,
const T&, const T&, const T&, T%);

Bilinear mterpolatlonon an orthonormalquadrllateralW|th nodevaluesspecified

by theincomingT’s, atlocationindicatedby theincomingpair of doubl es.

int trilinear _interpolate(double, double, double, const
T&, const T&, const T&, const T&, const T&, const T&,
const T&, const T&, T¥);

Trilinear mterpolatlonon an orthonormalhexahedronwith nodevaluesspecified

by theincomingT’s, atlocationindicatedby theincomingtriplet of doubl es.



Class: FEL.i rregul ar _axi s

Description:

Inheritance Hierarchy:
FEL_axi s —
FEL.i rregul ar _axi s.

Public Member Functions:

119
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Class: FEL.i soparanetric_2D. nt er pol ant

Description:
Baseclassfor two-dimensionalsoparametriénterpolants.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL_i soparanetri c.i nterpol ant —»
FEL_.i soparanetri c_2D.i nt er pol ant .

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

int physical _to _computational _coords(const

FEL_vector2d&,  double&,double&, double tol=1e-6);
Corverts physicalcoordinateqinput as FEL vect or 2d&) into local computa-

tional coordinates returnedin the doubl e&'s. The corversionusesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if no corvergence.

bool is _hexahedral _isoparametric() const;
IndicatesnvhethercallingobjectisanFEL _hexahedr al i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL_.i soparanetric_3D. nt er pol ant

Description:
Baseclassfor three-dimensionakoparametriénterpolants.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL.i soparanetri c_i nterpol ant —
FEL_.i soparanet ri c_3D. nt er pol ant .

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-

ceptionson mary systems.
int physical _to _computational _coords(const
FEL_vector3d&, double&,double&,double&, double
tol=1e-6);

Corverts physicalcoordinateqinput as FEL vect or 3d&) into local computa-
tional coordinatesyeturnedin the doubl e&'s. The corversionusesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if no convergence.

bool is _hexahedral _isoparametric() const;
IndicatesnvhethercallingobjectisanFEL _hexahedr al i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL.i soparanetri c. nterpol ant

Description:
Baseclassfor all isoparametriénterpolants.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL_i soparanetri c.i nt er pol ant.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
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Class: FEL_magni tude_fiel d<TO, FROW

Description:
Derivedfield returningmagnitudeof its componenfield — typically thelength(Eu-
clideannorm)of avectot

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL_map_t hen_i nter pol ate_derivedfiel dl —
FEL magni t ude fi el d.

Public Member Functions:
FEL_magnitude _field(FEL _pointer<  FEL typed _field<FROM> >

f, char* nm = "magnitude _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FEL cell&, — TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL _solution  _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL_pointer< FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;

bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,



125

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_magnitude _field<float, FEL _vector3f>
FEL _magni t ude_of vect or 3f fi el d;
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Class: FEL_map_t hen. nt er pol at e_derived_fiel d1<TO FROW

Description:
Derivedfield built on onecomponenfield, which performsderivation prior to in-
terpolation.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL _map_t hen_.i nt er pol at e_deri ved_fiel dl.

Public Member Functions:
FEL_map.then _interpolate _derived _field1(FEL _pointer<
FEL_typed _field<FROM> >, int (*)(const
FEL_solution  _globalsg&, const FROM*, void*, TO%),

void*, char* = "map_then _interpolate  _derived _field1");
Constructaderivedfield with onecomponenfield.

int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys pos&, TO¥);
int at _cell _interpolant(const FEL cell _interpolant&,

TO[]);
Igetrie/e field nodevaluesreturnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

bool is _core field() const;
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bool is _float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith this field.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

_enum,
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int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.
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Class: FEL_map_t hen.i nt er pol at e_deri ved_fi el d2<TO FROML, FROWR>

Description:
Derived field built on two componenfields, which performsderivation prior to
interpolation.

Inheritance Hierarchy:
FEL r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL _map_t hen_i nt er pol at e_deri ved_ fi el d2.

Public Member Functions:
FEL_map.then _interpolate _derived field2(FEL _pointer<
FEL typed _field<FROM1> >, FEL pointer<
FEL_typed _field<FROM2> >, int (*)(const
FEL_solution _globalsg&, const FROM1*,
const FROMZ2* void*, TO*), void*, char* =

"map _then _interpolate _derived _field2");
Constructaderivedfield with two componenfields.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FEL cell&, — TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&, — TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys pos(const FEL_phys pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

FEL _pointer< FEL typed _field<TO> > get _eager _field(const
FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.
int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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bool is _core ield() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cells of specifieddimensiond.

int coordinates  _at _cell(const FEL cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
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Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.
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Class: FEL_map_t hen.i nt er pol at e_deri ved_fi el d3<TO FROML, FROMWR,
FROVB>

Description:
Derived field built on threecomponenfields, which performsderivation prior to
interpolation.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL derivedfield—
FEL _map_t hen_i nt er pol at e_deri ved_fi el d3.

Public Member Functions:
FEL_map.then _interpolate _derived _field3(FEL _pointer<
FEL typed _field<FROM1> >, FEL pointer<
FEL typed _field<FROM2> >, FEL pointer<
FEL typed _field<FROM3> >, int (*)(const
FEL_solution  _globalsg&, const FROM1*, const
FROM2*, const FROM3* void*, TO*), void*, char* =

"map__then _interpolate  _derived _field3");
Constructa derivedfield with threecomponentields.

int at _phys _pos(const FEL_phys pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FEL cell&, — TO[);

int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant*, TO®);

int at _vertex _cell(const FEL.vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys pos&, TO¥);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FELtime& = FEL_time());
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Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith this field.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL cell&, FEL vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int Kk, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,
FEL_time*)  const;
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Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociateavith this field.



Class: FEL_matri x22<T>
Description:

A 2 by 2 matrix.

Public Member Functions:

FEL_matrix22();
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FEL_matrix22(const T& d00, const Té& d01, const Té& dio,

const T& dil);

Initialize.
friend  ostream& operator<<(ostreamé& strm, const
FEL_matrix22<T>& m);

Write to ostream.

FEL_matrix22(FEL  _vector2<T>&, FEL vector2<T>&, int);
void set(const T& d0O, const T& dO01, const T& di0,
const T& dil);

FEL_vector2<T>&  operator[](int i);

const FEL_vector2<T>&  operator[](int i) const;
Accesghematrix values.

FEL_matrix22&  operator*=(double f);
Do math.

friend T FEL_determinant(const FEL_.matrix22<T>&  m);

Returndeterminant.

friend int FEL._invert(const FEL_matrix22<T>& m,

FEL_matrix22<T>*  res);
Analytically invert matrix.

Typedefs:

FEL_matrix22<double>
FEL_mat ri x22d;

FEL_matrix22<float>
FEL_matri x22f;
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Class: FEL_matri x33<T>

Description:
A 3 by 3 matrix.

Public Member Functions:
FEL_matrix33();
FEL_matrix33(const T& d00, const Té& d01, const Té& dO2,
const T& d10, const T& d11, const T& d12, const T&

d20, const T& d21, const T& d22);
FEL_matrix33(const FEL_vector3<T>&, const

FEL_vector3<T>&, const FEL._vector3<T>&, int);
Initialize.

friend  ostream& operator<<(ostreamé& strm, const

FEL_matrix33<T>& m);
Write to anostream.

void set(const T& d00, const Té& d01, const T& d02,
const T& dl10, const Té& dll, const Té& dl12, const T&
d20, const T& d21, const T& d22);

FEL _vector3<T>&  operator[](int i);
const FEL_vector3<T>& operator[](int i) const;
Accesgmatrix elements.
FEL_matrix33<T>&  operator*=(const T& f);
friend  FEL_matrix33<T>  operator+(const FEL_matrix33<T>&
Ihs, const FEL _matrix33<T>& rhs);
friend  FEL_matrix33<T>  operator*(double lhs, const
FEL_matrix33<T>&  rhs);
Do math.
friend T FEL_determinant(const FEL_matrix33<T>& m);

Returndeterminant.

/I friend int FEL_safe _invert(const FEL_matrix33<T>&,

FEL_matrix33<T>*);
InvertusingSVD.

Typedefs:
FEL_matrix33<double>
FEL_mat ri x33d;

FEL_matrix33<float>
FEL_mat ri x33f;
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Class: FEL_matri x44<T>

Description:
A 4 by 4 matrix.

Public Member Functions:
FEL_matrix44();
FEL_matrix44(const T&, const T&, const T&, const T&,
const T&, const T&, const T&, const T&, const T&,
const T&, const T&, const T&, const T&, const T&,

const T&, const T&);
Initialize.

friend  ostream& operator<<(ostreamé& strm, const

FEL_matrix44<T>& m);
Write to anostream.

void set(const T& d00, const Té& d01, const T& d02,
const T& d03, const T& dl10, const T& dll, const T&
d12, const T& di13, const T& d20, const T& d21, const
T& d22, const T& d23, const T& d30, const T& d3l,
const T& d32, const T& d33);

FEL vectord<T>&  operator[](int i);
const FEL_vector4<T>&  operator[](int i) const;
Accesgdatamembers.
/[ friend int FEL.invert(const FEL_matrix44<T>&,
FEL_matrix44<T>*);
Invertthe matrix.
/[ friend int FEL_safe _invert(const FEL_matrix44<T>&,

FEL_matrix44<T>*);
Invertthe matrix usingSVD.

Typedefs:
FEL_matrix44<double>
FEL_mat ri x44d;

FEL_matrix44<float>
FEL _mat r i x44f ;
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Class: FEL_matri x55<T>

Description:
A 5 by 5 matrix.

Public Member Functions:
FEL_matrix55();
Initialize.

friend  ostream& operator<<(ostream&, const

FEL_matrix55<T>&);
Write to anostream.

/ffriend int  FEL_invert(const FEL_matrix55<T>¢&,

FEL_matrix55<T>*);
Invertthe matrix.

Typedefs:
FEL_matrix55<double>
FEL_mat ri x55d;

FEL_matrix55<float>
FEL_mat ri x55f;



Class: FEL_matri x66<T>

Description:
A 6 by 6 matrix.

Public Member Functions:
FEL_matrix66();
Initialize.

friend  ostream& operator<<(ostream&, const

FEL_matrix66<T>&);
Write to anostream.

/ffriend int FEL_invert(const FEL_matrix66<T>&,

FEL_matrix66<T>*);
Invertthe matrix.

Typedefs:
FEL_matrix66<double>
FEL_mat ri x66d;

FEL_matrix66<float>
FEL_nmatri x66f ;

139
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Class: FEL_matri x88<T>

Description:
A 8 by 8 matrix.

Public Member Functions:
FEL_matrix88();
Initialize.

friend  ostream& operator<<(ostreamé& strm, const

FEL_matrix88<T>& m);
Write to anostream.

FEL_vector8<T>& operator[](int i);
const FEL_vector8<T>& operator[](int i) const;
Accessmatrix data.
/I friend int FEL.invert(const FEL_matrix88<T>&,
FEL_matrix88<T>*);
Invertthe matrix.
/lfriend int FEL_safe _invert(const FEL_matrix88<T>&,

FEL_matrix88<T>*);
Invertthe matrix usingSVD.

Typedefs:
FEL_matrix88<double>
FEL_mat ri x88d;

FEL_matrix88<float>
FEL_mat ri x88f ;
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Class: FEL_nesh

Description:
TheclassFEL_meshdeclaregheinterfaceinheritedby all meshclasses.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL_mesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointerto the zonespecifiedby theargument.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*I) const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
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Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL.vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL.vertex _cell&)  const;

void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])
const

Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL_cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;,

Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

const;
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int coordinates _and_iblank _at _cell(const FEL_cell&,

_ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_nesh_as_fi el d<T>

Description:
This field type in effect createsa vectorfield whoseentry at eachnodeis just the
positionvectorof the node,asgiven by the mesh. Thusthis field type constitutes
anadaptor, allowing oneto access meshusingthefield interface.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_nesh_as_fi el d.

Public Member Functions:
FEL_.mesh_as field(FEL _mesh_ptr, char* = "mesh _as _field");
Constructafield interfaceto amesh.

int at _cell(const FEL cell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

T0;
int “at _structured _pos(const FEL_structured _pos&, T*);

int at _phys pos(const FEL_phys pos&, T%*);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,
~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata’associatedvith this field.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.
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int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[)  const; ) -
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL _time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociatedvith this field.

FEL_pointer< FEL_typed field<T> > get _eager ield(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

-enum,

Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
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Typedefs:
FEL_mesh_as _field<FEL _vector3f _and._int>
FEL _nmesh_as_vect or 3f _and_.i nt _fi el d;

FEL_mesh_as _field<FEL _vector3f>
FEL_nmesh_as_vect or 3f fi el d;
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Class: FEL_.multi fi el d<T>

Description:
Thisfield typeis basicallya containerclasscapableof managingmultiple fields. It
is usedprimarily for supportingransformedields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_mul ti field.

Public Member Functions:

int at _cell(const FEL cell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T*);
int at _cell _interpolant(const FEL_cell _interpolant&,
int )ét _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys pos(const FEL_phys pos&, T%*);
int at phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant*, *);
int at phys _pos(const FEL_phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL cell _interpolant&, T);
Retrieve field nodevaluesreturnl if successful.
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.
int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata”associatedvith thisfield.
bool varies _with _time() const;

Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthenumberof cellsof specifieddimensiond.
int coordinates _at _cell(const FEL cell&, FEL vector3f

1),

const;
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector.Sf*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_multi _field<float>
FEL.nul ti fl oat field;
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FEL_multi _field<FEL _plot3d _g>
FEL_mul ti _pl ot 3d_g_fi el d;

FEL_multi _field<FEL _vector3f>
FEL_mul ti -vect or 3f fiel d;
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Class: FEL_nul ti _nmesh

Description:
FEL_multi_meshrepresentsnulti-zonemeshes.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_nmul ti _nesh.

Public Member Functions:
FEL_multi _mesh(int, FEL_mesh_ptr*, const char* nm

"FEL _multi _mesh");
Constructanul ti _nesh.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter
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int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL_cell&, int*,

FEL cell)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int  cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const

- FEL_structured  _pos&, FEL_vector3f*)  const;
int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;



152

int combined _iblank _at _cell(const FEL_cell&, int*)
const;
int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

_enum,
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Class: FEL_mut ex_r ef er ence_count ed_obj ect

Description:
Objectsthat arereferencecountedinherit from this class. Thereferencecounting
hascritical sectionprotection thusit is safeto usein multi-threadedcenarios.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _mut ex_r ef er ence_count ed_obj ect .

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL_near est _nei ghbor _i nt er pol ant

Description:
Interpolantsupportingnearest-neighbdinterpolation”.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL _near est _nei ghbor _i nt er pol ant .

Public Member Functions:
FEL_nearest _neighbor _interpolant(int, FEL vector3f[]);
Initializestheinterpolantwith i nt nearesheighborsywhosecoordinategsrestored
intheFEL vect or 3f[] .

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

int get _nearest(const FEL vector3f&);
Returnsindex of neighbomearestnput point FEL vect or 3f &
bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .
FEL _interpolation _enum get _interpolation() const;
Returns interpolation mode of this object, namely

FEL _NEAREST _NEI GHBOR_| NTERPOLATI ON.
bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL_negate_fiel d<TO, FROW

Description:
Derivedfield returningadditive inverseof its componenfield.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen.i nterpol ate_derivedfiel dl —
FEL negat e fi el d.

Public Member Functions:
FEL negate field(FEL _pointer<  FEL typed _field<FROM> > f,

char* nm = "ne?ate _field‘?;
Constructthis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

- FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at phys _pos(const FEL_phys _pos&,

- FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL _pointer< FEL typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO* const FEL_time& = FEL_time();
Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
bool is _core field() const;
bool is _float _field() const;

bool is _vector3f _field() const;
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bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const; ) -
Getphysical-spaceoordinatef specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector_Sf*? const; N
Getphysical-spaceoordinatef specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
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Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_negate _field<float, float>
FEL _negat e_of fl oat field;

FEL_negate _field<FEL _vector3f, FEL _vector3f>
FEL negat e_of vector 3f fi el d;
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Class: FEL_nei ghbor

Description:
FEL_neighborencodesanidentity number a 3-cell type anda facenumberin an
unsignednt. FEL_neighboris usedby FEL_unstructuredneshto storethe infor-
mationneededo getfrom a 3-cellto oneof its neighbors.

Public Member Functions:

FEL_neighbor(int i, int t, int f)
FEL_neighbor();

Initialize.
friend  ostream& operator<<(ostream&, const

FEL_neighbor&);
Write to ostream.

int type() const;
Returnthe 3-cell type.

int face() const;
Returnthefacenumber

int id() const;
Returnthe 3-cellidentity number

bool defined();
Returntrue valueshave beendefined.



Class: FEL_nul | _axi s
Description:

Inheritance Hierarchy:
FEL axi s —
FEL nul | _axi s.

Public Member Functions:

159
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Class: FEL_paged_curvili near meshxyz

Description:
The FEL _pagedcurvilinearmeshxyz classimplementgpagedcurvilinearmeshes
thatdon't have iblanks. Instancesrecreatedvith FEL plot3d read pagedmesh.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL_si ngl e_mesh —
FEL st ruct ured_mesh —
FEL curvilinear -mesh —
FEL paged_curvil i near -mesh_xyz.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _.n_zones() const;
Returnl for arny subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

int jacobian _at _vertex _cell(const FEL vertex _cell&,
FEL_matrix33f*) const;
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Requestlacobiarmatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
const;

int  contravariant _phys _to _comp_vector(const
FEL structured  _pos&, const FEL vector3f&,
FEL vector3f*) const;
Corvertacontravariantvectorin physicalspaceo its equivalentin computational
space.
bool is _structured _mesh() const;
Returntrue.

void set(const FEL set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL_cell&, int*,

FEL cell)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «¢) const;
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int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

. C) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[!)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL _paged_curvili near _nmesh_xyzi

Description:
The FEL_pagedcurvilinearmeshxyzi classimplementgpagedcurvilinearmeshes
thathave iblanks. Instancesrearecreatedwith FEL_plot3d.readpagedmesh.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL _si ngl e_nesh —»
FEL_struct ured_mesh —
FEL _curvi | i near _mesh —
FEL _paged._curvil i near -meshxyz —
FEL paged_curvil i near mesh_xyzi .

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f*) const;
Requestlacobiammatrix at givenvertex.
int  contravariant _phys _to _comp_vector(const
FEL vertex _cell&  const FEL vector3f&, FEL vector3f*)
const;
int  contravariant _phys _to _comp_vector(const
FEL structured  _pos&, const FEL vector3f&,
FEL _vector3f*) const;
Cornverta contravariantvectorin physicalspaceo its equivalentin computational
space.
bool is _structured _mesh() const;
Returntrue.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL _cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .



int locate(const FEL_phys pos& p, FEL_cel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

. C) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const
FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ...) const;
int  begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.
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Class: FEL paged fi el d<T>

Description:
The FEL pagedfield classimplementspagedfields. Instanceshouldbe created
with thefile readerfunctions(FEL plot3d.read paged?*).

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL paged_fi el d.

Public Member Functions:
int at _cell(const FEL cell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TI);

int I])at _structured  _pos(const  FEL structured _pos&, T*);
int at _phys pos(const FEL_phys pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata”associatedvith this field.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates  _at _cell(const FEL cell&, FEL vector3f
[) const;
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* i, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changedrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL _pointer< FEL typed field<T> > get _eager field(const

FEL time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL _paged _field<float>
FEL paged_fl oat field;
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FEL_paged field<FEL _plot3d _density _momentum>
FEL paged_pl ot 3d_densi ty_nonentumfi el d;

FEL_paged field<FEL _plot3d _g>
FEL paged_pl ot 3d_q-fi el d;

FEL_paged field<FEL _vector3f>
FEL paged_vect or 3f fiel d;



169

Class: FEL _paged_fi el d_conmon

Description:
The FEL_pagedfield_commonclassis part of theimplementatiorof pagedfields.
All membersareprivate.

Public Member Functions:
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Class: FEL_pagedfile

Description:
The classFEL_pagedfile providesmuchof the implementatiorfor pagedmeshes
andfields. Most FEL usersshouldnot usethis class;usepagedmeshesandfields
instead.Becausehisis animplementatiorclass theinterfaceis subjectto revision
or possiblyto beingrevokedby makingall membergrivate.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL paged fil e.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool has _iblank() const;
FEL_vector3i get dim(int  z) const;
int get dim(int z, int i) const;
float get fs _-mach(int z) const;

float  get _reynolds(int Z) const;
float  get _alpha(int Z) const;
float  get _integration(int Z) const;

float get _param_max(int z, int p) const;
float get _param_min(int z, int p) const;
int get _iblank _max(int z) const;

int get _iblank _min(int  z) const;

File _type get type() const;

const char* get _type _str() const;

const char* get _filename() const;
float  get _version() const;
int get _n_fields() const;
Inquiry functions
void get _vert(int zone, const FEL.vector3i& v,
Param _offset  fstrt, Param_length  fcnt,  void*  out);
void get _hex _cell(int zone, const FEL_vector3i&
v, Param_offset fstrt, Param_length  fcnt, int
data _stride, void*  out); )
void get _hex _subcell(int zone, const FEL.vector3i& v,
const int* wvert _id, int n_verts, Param _offset  fstrt,
Param_length fcnt, int data _stride, void*  out);
void set _page _priority(int z, int priority);
Readfunctions

int write _header();
int  write _block(void* p, int len);
int  write _blocks(int count, void* p, int* len);
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void set _little _endian(bool le);

void set _.dim(int z, FEL_vector3i dd);

void set .dim(int z, int i, int |, int K);
void set fs mach(int z, float V),

void set _reynolds(int z, float v);

void set _alpha(int z, float v);

void set _integration(int z, float v);

void set _param_max(int z, int p, float Vv);
void set _param _min(int z, int p, float Vv);
void set _iblank _max(int z, long V);
void set _iblank _min(int z, long V);

Write functions

bool is _mesh() const;
Inquiry functions

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

int get _n_zones() const;
Inquiry functions
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Class: FEL_phys_pos

Description:
The classFEL_physposrepresents pointin physicalspace.FEL_physposalso
containsan FEL_time datamember

Inheritance Hierarchy:
FEL vect or 3f —
FEL phys _pos.

Public Member Functions:
FEL _phys _pos();
FEL_phys _pos(const FEL_vector3f&  p);
FEL_phys pos(const float& x, const float& vy, const
float&  2z);
Initialize anFEL _phys _pos.
FEL_time get _time() const;
float  get _physical _time();
float  get _computational _time();
int get _time _step();
void set _time(const FEL_time& t);
void set _physical _time(float t);
void set _computational _time(float t);
void set _time _step(int t);
void set _time _undefined();
Accessthetime representation.

friend  ostream& operator<<(ostream&, const
FEL_phys _pos&);
OutputanFEL phys _pos to anostream.
FEL_phys pos& operator+=(const FEL vector3f&  v);
FEL_phys _pos& operator-=(const FEL_vector3f&  v);
Modify the spatialcoordinate®f the physicalposition.

friend  bool operator==(const FEL phys pos& Ihs, const

FEL_phys _pos& rhs); . . )
Testfor equality comparingooth spatialcoordinate@andtime.
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Class: FEL _physi cal _i nt er pol ant

Description:
Baseclassfor physicalspacanterpolants.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL physi cal _i nt er pol ant .

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL_pl ot 3d_densi t y_nmoment um

Description:
FEL_plot3d.densitymomentunrepresentasubsebf thePLOT3D solutionvector
containingjustthe componentseededor velocity-relatedderivedfields.

Public Member Functions:
FEL_plot3d _density _momentum();
FEL_plot3d _density _momentum(float d, FEL_vector3f m);
Initialize anobject.

friend  ostream& operator<<(ostream&, const

FEL_plot3d _density _momentumé&);
Write to anostream.

friend  FEL_plot3d _density _momentum operator-(const

'FEL_plot3d _density _momentumé& dm);
friend = FEL_plot3d "_density _momentum opera-

tor+(const FEL plot3d _density _momentum& lhs, const

'FEL_plot3d _density _momentumé& rhs);
friend = FEL_plot3d "_density _momentum operator-

(const FEL_plot3d _density _momentumé& lhs, const
FEL plot3d _density _momentum& rhs);

friend = FEL_plot3d "_density _momentum operator*(float Ihs,
const FEL plot3d _density _momentumé& rhs);
friend  FEL_plot3d _density _momentum operator*(double Ihs,

const FEL plot3d _density _momentumé& rhs);
friend  FEL_plot3d _density _momentum operator*(const

'FEL_plot3d _density _momentum& lhs, float  rhs);
friend = FEL_plot3d _density _momentum operator*(const

FEL_plot3d _density _momentumé& lhs, double rhs);
Do math.

friend  bool operator==(const FEL plot3d _density _momentumé&

lhs, const FEL_plot3d _density _momentumé& rhs);
Testfor equality
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Class: FEL plot3dfield

Description:
Field"manager'whichhelpscreateandmanagdieldsbasenPLOT 3D datafiles.
Thisclasscanreturnoverfifty predefinedierivedfields,in responséo anenunied
requestandcantake careof any necessarfile readingandprimitive field caching.
Thisis avirtual baseclass;useeitherFEL _q_plot3dfield, FEL steadyplot3d field,
or FEL fixed.interval_time_seriesplot3d field to createaninstance.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL pl ot 3d_fi el d.

Public Member Functions:
FEL_mesh_ptr get _mesh();
FEL_plot3d _q_field _ptr get _g_field();
FEL_plot3d _density _momentumfield _ptr

et _density _momentumfield(); .
FEL_vector3f" _field _ptr get _momentumfield();

FEL_float _field _ptr get _density _field();
FEL float _field _ptr get _energy _field();
Retrieve mesh,or PLOT3D primitive fields.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL float _field _ptr makefloat _field(FEL _float _field _enum);

FEL vector3f _field _ptr make.vector3f _field(FEL _vector3f _field _enum);
Requesta derivedfloat field or vectorfield from the manager The completelist
of enumscanbe foundin the FEL UserGuide,in FEL_pl ot 3d_fi el d. h, or
the PLOT3D Users Manual (asPLOT3D "function numbers”,which canbe used
directly.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

void set(const FEL set _keyword _enum, int);
Setanoptionon meshor ary field associatedavith themanager
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Class: FEL pl ot 3d_mul ti _nesh

Description:
FEL plot3d.multi_meshis a multi-zone meshwhere PLOT3D IBLANK datais
usedto acceleratg@ointlocation.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_.mul ti _nesh —
FEL _pl ot 3d_nul ti _mesh.

Public Member Functions:
FEL plot3d _multi _mesh(int, FEL_mesh_ptr*, const char* nm

= "FEL _plot3d _multi _mesh");
Constructa multi-zonemesh.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter



int get(const FEL_get _keyword _enum, int*, int[], int

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.
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int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FELcellll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL_cell[], int = —1& const; ) .
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int  cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;
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int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL _pl ot 3d_q

Description:
FEL_plot3d.q representthe standard®LOT 3D solutionvector

Public Member Functions:
FEL plot3d _q();
FEL plot3d _q(float d, FEL.vector3f m, float e);
Initialize apl ot 3d_q object.

float  operator[](int i) const;
Accessdatamembersasif avector

friend  FEL_plot3d _q operator-(const FEL plot3d _q& Qq);
friend  FEL_plot3d _q operator+(const FEL_plot3d _q& lhs,
const FEL_plot3d _g& rhs);

friend  FEL_plot3d _q operator-(const FEL plot3d _q& lhs,
const FEL_plot3d _q& rhs);
friend  FEL_plot3d _q operator*(float Ilhs, const
'FEL_plot3d _g& rhs);
friend = FEL_plot3d _q operator*(double Ilhs, const
'FEL_plot3d _g& rhs);
friend = FEL_plot3d _q operator*(const FEL_plot3d _q& lhs,
float rhs);
friend  FEL_plot3d _q operator*(const FEL plot3d _q& lhs,
double rhs);
Do math.

friend  FEL_plot3d _q operator*(const FEL_matrix33f& Ihs,

const FEL._plot3d _q&; ) _
Thedefinitionfor the productof a3x3 matrixandaq: ignorethe scalarmpartsof the

d, multiply the matrix timesthemomentum

friend  bool operator==(const FEL plot3d _g& Ihs, const

FEL_plot3d _g& rhs);
Testfor equality

friend  ostream& operator<<(ostream&, const

FEL plot3d _q&);
Write to anostream.
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Class: FEL poi nter<T>

Description:
FEL_pointeris a”smartpointer”thatworkswith classeslerivedfrom FEL referencecountedobject,
i.e. objectsthatarereferencecounted. The templatetype T specifiesthe type of
object(particularFEL referencecountedobjectsubclass)hatagivenFEL pointer
instancerefersto.

Inheritance Hierarchy:
FEL _poi nt er base —
FEL _poi nt er.

Public Member Functions:
FEL _pointer();
FEL _pointer(T* P);
FEL _pointer(const FEL_pointer<T>&  p);
Initialize anFEL _poi nt er, incrementhereferencecountofp if p ! = NULL.

“FEL _pointer();
Destructan FEL _poi nt er instance decrementhe referencecountof the object
pointedto if the pointeris non-NULL.

T* operator->() const;
UseanFEL_poi nt er with the”arrow” syntax like a C-stylepointet

operator T*()) const;
DereferenceanFEL _poi nt er, gettingbacktheraw T* pointer This operatolis
usedby castingmacroswhich requirethe internalpointerin orderto do a C-style
cast.Theraw pointerreturnedby this operatoiis notaccountedor by thereference
countingsystemusewith care!

const FEL_pointer<T>&  operator=(T* rhs);
const FEL_pointer<T>&  operator=(const FEL _pointer<T>&

rhs);
&ssignto anFEL poi nt er. Incrementthe referencecountof ther hs if non-
NULL, decrementhe referencecountof the objectpreviously referencedy this
pointer, if non-NULL.

friend  bool operator==(const FEL pointer<T>& Ihs, const
_FEL_pointer<T>&  rhs); )

friend = bool operator!=(const FEL_pointer<T>& |hs, const
_FEL_pointer<T>&  rhs); )

friend  bool operator==(const FEL_pointer<T>& |hs, const
long rhs); .

frien bool operator!=(const FEL_pointer<T>& |hs, const
long rhs);

Testfor equalityor inequalityby comparingtheinternalpointers.

friend  ostream& operator<<(ostreamé& s, const

FEL_pointer<T>& z , ) .
Outputa hexadecimarepresentatioof theinternalpointer
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Typedefs:
FEL pointer<FEL _core float _field>
FEL core_float fieldptr;

FEL_pointer<FEL _core _plot3d _q_field>
FEL coreplot3dgfieldptr;

FEL _pointer<FEL _core _vector3f _field>
FEL core_vector3f fieldptr;

FEL_pointer<FEL _double _field>
FEL doubl efieldptr;

FEL_pointer<FEL _field>
FEL field_ptr;

FEL pointer<FEL _fixed _interval _time _series _float _field>
FEL fixed.interval tineseriesfloat fieldptr;

FEL_pointer<FEL _fixed _interval _time _series _vector3f _and_int _field>
FEL_fi xed.interval ti ne_seri es_.vector3f _and.int _fieldptr;

FEL pointer<FEL _fixed _interval _time _series _vector3f _field>
FEL fixed.interval tineseriesvector3f fieldptr;

FEL_pointer<FEL _float _field>
FEL fl oat fieldptr;

FEL_pointer<FEL _hexahedral _isoparametric _interpolant>
FEL _hexahedr al _i soparanetri c. nterpol ant ptr;

FEL pointer<FEL _interpolant>
FEL_i nt er pol ant ptr;

FEL_pointer<FEL _matrix33f _field>
FEL_matri x33f field_ptr;

FEL pointer<FEL _mesh>
FEL_nesh_ptr;

FEL_pointer<FEL _paged file>
FEL paged file_ptr;

FEL_pointer<FEL _paged float _field>
FEL paged_fl oat field_ptr;

FEL pointer<FEL _paged _plot3d _density _momentumfield>
FEL paged_pl ot 3d_densi ty_normentumfiel d_ptr;

FEL_pointer<FEL _paged _plot3d _g_field>
FEL paged_pl ot 3d_g_fi el d_ptr;

FEL _pointer<FEL _paged _vector3f _field>
FEL paged_vector 3f field_ptr;

FEL pointer<FEL _plot3d _density _momentumfield>
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FEL _pl ot 3d_densi ty_nmonentumfi el d_ptr;

FEL_pointer<FEL _plot3d _field>
FEL pl ot 3d_fieldptr;

FEL _pointer<FEL _plot3d _qg_field>
FEL_pl ot 3d_qfieldptr;

FEL_pointer<FEL _reference _counted _object>
FEL r ef er ence_count ed_obj ect ptr;

FEL _pointer<FEL _structured _mesh>
FEL structured_mesh_ptr;

FEL_pointer<FEL _time _series _float _field>
FEL_ti me_seriesfloat fieldptr;

FEL pointer<FEL _time _series _plot3d _q-field>
FEL ti me seriesplot3dqgfieldptr;

FEL_pointer<FEL _time _series _vector3f _and_int _field>
FEL_ti me_seri es_vector3f and.int field_ptr;

FEL_pointer<FEL _time _series _vector3f _field>
FEL_ti me_seriesvector3f fieldptr;

FEL_pointer<FEL _unstructured  _mesh>
FEL .unst ruct ured_nesh_ptr;

FEL _pointer<FEL _vector2f _field>
FEL vector2f fieldptr;

FEL_pointer<FEL _vector3d _field>
FEL_vector3dfieldptr;

FEL pointer<FEL _vector3f _and.int _field>
FEL vect or 3f ;and.int fieldptr;

FEL _pointer<FEL _vector3f _field>
FEL_vector 3f fieldptr;
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Class: FEL _poi nt er _base

Description:
TheclassFEL_pointerbasemplementsessentiafunctionalityfor FEL_pointerob-
jects. FEL_pointerbaseis a friend of FEL_referencecountedobjectand usesits
friendshipprivilegesto incrementdecremenanddeletereferenceountedobjects.

Public Member Functions:
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Class: FEL prismati c.i soparanetric. nterpol ant

Description:
Supportssoparametriénterpolationon prisms.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL_i soparanetri c.i nterpol ant —»
FEL.i sopar anetri c_3D. nterpol ant —
FEL prismati c_i soparametri c.i nterpol ant.

Public Member Functions:
FEL prismatic  _isoparametric _interpolant(const
FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const

FEL _vector3f&, const FEL_vector3f&); )
Constructheinterpolantwith the six verticesof a prism.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

int physical _to _computational _coords(const
FEL_vector3d&, double&,double&,double&, double
tol=1e-6);
Corverts physicalcoordinateqinput as FEL vect or 3d&) into local computa-
tional coordinatesreturnedin the doubl e&'s. The corversionusesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if no corvergence.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL product fiel d<TO, FROML, FROWR>

Description:
Derivedfield returningthe productof its componenfields.

Inheritance Hierarchy:
FEL _r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen_.i nterpol ate_derivedfiel d2 —»
FEL pr oduct fiel d.

Public Member Functions:
FEL product _field(FEL _pointer<  FEL_typed _field<FROM1> >
fl, FEL_pointer<  FEL_typed _field<FROM2> > f2, char* nm

= "product _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

- FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥%);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L _
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL _pointer< FEL typed _field<TO> > get _eager _field(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is _core field() const;

bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL vector3f

[)  const . .
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _ter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,
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int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

Typedefs:
FEL_product _field<float, float, float>
FEL _pr oduct _of _f| oat fi el d;
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Class: FEL_pyram dal _i soparanetri c.i nterpol ant

Description:
Supportssoparametriénterpolationon pyramids.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_i nt er pol ant —
FEL_i soparanetri c.i nterpol ant —»
FEL.i sopar anetri c_3D. nterpol ant —
FEL pyr am dal i soparamnetri c.i nt er pol ant.

Public Member Functions:
FEL_pyramidal _isoparametric _interpolant(const
FEL_vector3f&, const FEL_vector3f&, const
FEL_vector3f&, const FEL_vector3f&, const

FEL _vector3f&); _ ) _ )
Constructheinterpolantwith thefive verticesof a pyramid.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

int physical _to _computational _coords(const
FEL_vector3d&, double&,double&,double&, double
tol=1e-6);
Corverts physicalcoordinateqinput as FEL vect or 3d&) into local computa-
tional coordinatesreturnedin the doubl e&'s. The corversionusesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if no corvergence.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL_q_plot3dfield

Description:

Field "manager”basedon a q field. This classis designedfor unusualor non-
file-basedieldslik e transformedields or fieldswith somemoving andsomestatic
zonesIf you have asimplesteadyor file-basedunsteadyfield, pagedfieldswill be
moreefficientwith FEL _steadyplot3d field or FEL fixed.interval time_seriesplot3d field.
Thisclasscanreturnoverfifty predefinedierivedfields,in responséo anenunied
requestandcantake careof ary necessarfile readingandprimitive field caching.
Thisis avirtual baseclass;useeitherFEL_q_plot3dfield, FEL_steadyplot3d field,

or FEL fixed.interval_time_seriesplot3d field to createaninstance.

Inheritance Hierarchy:
FEL r ef er ence_count ed_obj ect —
FEL _.nmut ex_r ef er ence_count ed_obj ect —
FEL pl ot3dfield—
FEL_q_pl ot 3d_fi el d.

Public Member Functions:
FEL_q_plot3d _field(FEL _plot3d _g_field _ptr);
createsa field "manager”for theq field.

FEL_mesh_ptr get _mesh();
FEL_plot3d _q_field _ptr get _g_field();
FEL plot3d _density _momentumfield _ptr

et _density _momentumfield(); .
FEL_vector3f  _field _ptr get _-momentumfield();

FEL float _field _ptr get density field();
FEL float _field _ptr get _energy _field();
Retrieve mesh,or PLOT3D primitive fields.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL float _field _ptr makefloat _field(FEL _float _field _enum);
FEL.vector3f _field _ptr make_vector3f _field(FEL _vector3f _field _enum);
Requesta derivedfloat field or vectorfield from the manager The completelist
of enumscanbe foundin the FEL UserGuide,in FEL pl ot 3d_fi el d. h, or
the PLOT3D Users Manual(asPLOT 3D "function numbers” which canbe used

directly.
bool is _mesh() const;
bool is _field() const;

Provide run-timetype determinatiorfor afew key FEL types

void set(const FEL_set _keyword _enum, int);
Setanoptionon meshor ary field associateavith themanager
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Class: FEL_quotient fiel d<TO, FROML, FROWR>

Description:
Derivedfield returningthe quotientof its componenfields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL typedfield—
FEL derivedfield—
FEL_map_t hen.i nterpol ate_derivedfiel d2 —»
FEL quoti ent fi el d.

Public Member Functions:
FEL_quotient field(FEL _pointer<  FEL_typed _field<FROM1> >
fl, FEL_pointer<  FEL_typed _field<FROM2> > f2, char* nm

= "quotient  _field");
Constructthis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, ~ TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&, — TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO* TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

bool is _core field() const;

bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _iter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,
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int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.



Class: FEL_ref erence_count ed_obj ect

Description:
Objectsthatarereferencecountednheritfrom this class.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

friend  ostream& operator<<(ostreamé&, const

FEL_reference _counted _object&);
Outputto anostreamyusingget _nanme() name.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL_regul ar _axi s

Description:

Inheritance Hierarchy:
FEL_axi s —
FEL r egul ar _axi s.

Public Member Functions:



Class: FEL_regul ar _nesh

Description:
FEL_regularmeshrepresentsegular, hexahedraimeshes.

Inheritance Hierarchy:
FEL r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL nmesh —
FEL_si ngl e_mesh —
FEL st ruct ured_mesh —
FEL axi s_al i gned_nesh —
FEL r egul ar _nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int  centroid _of _cell(const FEL cell&,  FEL_vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.
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int  contravariant _phys _to _comp_vector(const

FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
_ const; )
int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; ) ] ) ] ) ]
Corverta contravariantvectorin physicalspaceo its equivalentin computational

space.
bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get _keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL _cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& ¢, int* i) const;

Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*
C) const;



int  set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_regul ar _-nesh2

Description:
FEL_regularmesh2representsegular, quadrilaterameshesn theZ = 0 plane.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_si ngl e_nesh —
FEL_st ruct ur ed_mesh —
FEL_axi s_al i gned_mesh —
FEL r egul ar _mesh2.

Public Member Functions:
FEL_regular _mesh2(int dO, int di1, float spacing0, float

spacingl, char* nm = "regular _mesh2"); )
Constructa regular surfacemeshwith dimensionsd0 andd1 and adjacentvertex

spacingsOandsl.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
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Provide run-timetypedeterminatiorfor afew key FEL types

int jacobian _at _vertex _cell(const FEL vertex _cell&,

FEL_matrix33f*) const;
Requestacobiamatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
const;

int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; _ ) ) ) ) )
Corvertacontravariantvectorin physicalspaceto its equivalentin computational
space.

bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int get(const  FEL_get _keyword _enum, int*,  int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])

const;
Returnincidentcells.

int int _to _cell(int i, int d, FELcel ¢, int s = -1)
const;
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int cell _to _int(const FEL.cell& c, int* i) const;
Cornvertbetweeracell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_regul ar xy_ rregul ar z_nesh

Description:
FEL regularxy_irregularz_meshrepresentsnesheghat areregularin the X and
Y dimensiongutirregularin Z.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_si ngl e_mesh —
FEL st ruct ur ed_nmesh —
FEL_axi s_al i gned_mesh —
FEL_regul ar xy_i rregul ar z_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL _cell&, float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

int jacobian _at _vertex _cell(const FEL vertex _cell&,
FEL_matrix33f*) const;
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Requestlacobiarmatrix at givenvertex.

int  contravariant _phys _to _comp_vector(const

FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
_ const; )
int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; ) ] ) ] ) ]
Corverta contravariantvectorin physicalspaceo its equivalentin computational

space.

bool is _structured _mesh() const;
Returntrue.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL _cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
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. C) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[!)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ...) const;
int  begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_renmote fi el d<T>
Description:

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL.renotefiel d.

Public Member Functions:

int at _cell(const FELcell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

T
int at _structured

_pos(const  FEL_structured  _pos&, T%);
int at _phys pos(const FEL_phys pos&, T%*);
int at _phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&, const
FEL cell _interpolant&, T);
Retrieve field nodevaluesreturnl if successful.
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.
int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL solution  _globals&);

Accesgglobal’metadata’associatedvith this field.

bool varies _with _time() const;

Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedvith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates FEL_cell&, FEL_vector3f

)  const; ) "
Getphysical-spaceoordinatef specifiedcell.

_at _cell(const
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void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps() const;
Getnumberof timestepsassociatedvith this field.

FEL_pointer< FEL_typed field<T> > get _eager ield(const

FEL time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FEL_time& = FEL_time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_remote _field<float>
FEL_renpote_fl oat _fi el d;

FEL_remote field<FEL _plot3d _g>
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FEL_renote_pl ot 3d_q_fiel d;

FEL_remote _field<FEL _vector3f>
FEL_r enot e_vect or 3f fi el d;
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Class: FEL_r enpt e_mesh

Description:

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL_r enpt e_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&, float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.
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int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL.vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL vertex _cell&)  const;

void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])
const

Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll]).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = —1& const; . )
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢, int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL_cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

FEL_vector3f _and_int[]) const;
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int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_r ot at ed_nmesh

Description:
FEL_rotatedmeshclassesemulaterotatingoriginal coordinates to new valuec’
usinga matrix m via thetransformatiorc’ =m* c.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL _t r ansf or med_mesh —
FEL _r ot at ed_nesh.

Public Member Functions:
FEL_rotated _mesh(FEL -mesh_ptr m, const FEL_matrix33f& r,

char* = "rotated _mesh"); ) )
Constructarotatedmeshwith meshm androtationmatrixr.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointer to the zone specifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*

~ C€) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;
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int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

_ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.



Class: FEL_scattered._vertex_mesh

Description:

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_si ngl e_mesh —
FEL scattered.vertex_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;

int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*I) const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter
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int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;

void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])
const

onst,
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = —1& const; . )
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;



int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.
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Class: FEL_si ngl e_mesh

Description:
FEL_singlemeshrepresenta meshthathasonly onezone.SeeFEL_multi_mesh.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL _si ngl e_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter



int get(const FEL_get _keyword _enum, int*, int[], int

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.
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int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FELcellll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL_cell[], int = —1& const; ) .
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int  cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;



218

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_socket

Description:

Public Member Functions:
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Class: FEL_sol ution_gl obal s

Description:
TheclassFEL_solutionglobalscontaingparametersuchasfreestreamMachnum-
berthatareglobalto afield.

Public Member Functions:
FEL _solution  _globals();
Initialize.

bool valid(unsigned flag);
Testwhethera particularparameters valid.

void set _free _stream _mach(float f);
void set _alpha(float f);
void set _reynolds _number(float f);
void set _time(float f);

Setoneof the parameters.
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Class: FEL steady plot3dfield

Description:
Field managefor a steadyfield.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL pl ot3dfield —
FEL st eady_pl ot 3d_fi el d.

Public Member Functions:
FEL steady _plot3d _field(char*, char*, unsigned = 0);
FEL steady _plot3d _field(FEL _mesh_ptr, char*, unsigned =

0);
)createsafield "manager’for a steadyfield.

FEL_mesh_ptr get _mesh();
FEL_plot3d _q_field _ptr get _g_field();
FEL plot3d _density _momentumfield _ptr

et _density _momentumfield(); .
FEL_vector3f” _field _ptr get _momentumfield();

FEL float _field _ptr get density field();
FEL float _field _ptr get _energy _field();
Retrieve mesh,or PLOT3D primitive fields.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL float _field _ptr makefloat _field(FEL _float _field _enum);

FEL.vector3f _field _ptr make_vector3f _field(FEL _vector3f _field _enum);

Requesta derivedfloat field or vectorfield from the manager The completelist
of enumscanbe foundin the FEL UserGuide,in FEL pl ot 3d_fi el d. h, or
the PLOT3D Users Manual(asPLOT 3D "function numbers” which canbe used

directly.
bool is _mesh() const;
bool is _field() const;

Provide run-timetype determinatiorfor afew key FEL types

void set(const FEL_set _keyword _enum, int);
Setanoptionon meshor ary field associatedavith themanager
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Class: FEL_structured_nmesh

Description:
FEL_structuredmeshis the parentclassto all structurechexahedraimeshestruc-
turedquadrilateraburfaces.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL _nesh —
FEL_si ngl e_nesh —
FEL st ruct ur ed_nmesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _.n_zones() const;
Returnl for ary subclas®f FEL _si ngl e_mesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _cell’? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
int jacobian _at _vertex _cell(const FEL_vertex _cell&,
FEL_matrix33f* const;

Requestlacobiarmatrix at givenvertex.
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int  contravariant _phys _to _comp_vector(const
FEL_vertex _cell&  const FEL_vector3f&, FEL _vector3f*)
const;

int  contravariant _phys _to _comp_vector(const

FEL structured  _pos&, const FEL vector3f&,

FEL_vector3f*) const; . ] ) ] ) ]
Cornvertacontravariantvectorin physicalspaceo its equivalentin computational
space.

bool is _structured _mesh() const;
Returntrue.
void set(const FEL_set _keyword _enum, int);
Setameshparameter
int  get(const FEL_get keyword _enum, int*, int[], int =
FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;
Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s = -1)
_ const; ] ] _
int cell _to _int(const FEL cell& c, int* i) const;

Cornvertbetweercell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL _cell*
C) const;



224

int  set _interpolant(FEL _cell _interpolant*) const;

int set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates  _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.



Class: FEL_struct ured_pos

Description:

The class FEL_structuredpos representsa point in computationalspace,using
floating-pointcoordinates.FEL _structuredposalso containsan integer zoneand

andanFEL_time datamember

Inheritance Hierarchy:
FEL vect or 3f —
FEL st ruct ur ed_pos.

Public Member Functions:
FEL_time get _time() const;
float  get _physical _time();
float  get _computational _time();
int get _time _step();
void set _time(const FEL_time& t);
void set _physical _time(float t);
void set _computational _time(float t);
void set _time _step(int t);
void set _time _undefined();

Accesghetime representation.

friend  ostream& operator<<(ostream&, const

FEL_structured _pos&);
OutputanFEL _st r uct ur ed_pos to anostream.

int get _zone() const;
void set _zone(int 2);
Accessthezonedatamember

friend  bool operator==(const FEL structured  _pos& Ihs,
~const FEL._structured _pos& rhs);
friend  bool operator!=(const EL structured  _pos& lhs,

const FEL._structured _posé& rhs); )
Testfor equality comparingcoordinateszoneandtime.
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Class: FEL_sumfi el d<TO, FROML, FROW>

Description:
Derivedfield returningthe sumof its componenfields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_typedfield—
FEL derivedfield—
FEL_map_t hen.i nterpol ate_derivedfiel d2 —
FEL_sumfi el d.

Public Member Functions:
FEL_sum_field(FEL  _pointer< FEL_typed _field<FROM1> > f1,
FEL_pointer<  FEL_typed _field<FROM2> > f2, char* nm =

"sum _field");
Constructhis built-in derivedfield.

int at _phys _pos(const FEL_phys _pos&, const

~ FEL_cell _interpolant&, TO®);
int at _cell(const FELcell&, = TO[);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, TO®);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant*, TO®);

int at vertex _cell(const FEL vertex _cell&,  TO¥);

int at _structured _pos(const FEL_structured _pos&, TO%);
int at _phys _pos(const FEL_phys _pos&, TO%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TOFQ): L .
etrieve field nodevalues returnl if successful.

int get _solution _globals(FEL _solution _globals*);
void set _solution _globals(const FEL_solution _globals&);
Retrieve structurewith varioussolutionparameters.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_pointer<  FEL_typed _field<TO> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(TO*, TO* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).

bool is _core field() const;
bool is float _field() const;
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bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f

[) . const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _iter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set _keyword _enum, int);
int  get(const FEL get _keyword _enum, int*, int[], int =

FEL_ ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_Sf*? const; -
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

-enum,
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int get _n_time _steps()  const;

Getnumberof timestepsassociateavith this field.

Typedefs:
FEL_sum_field<float, float, float>
FEL_sumof _f| oat fi el d;

FEL_sum_field<FEL _vector3f, FEL_vector3f,
FEL _sumof _-vect or 3f fi el d;

FEL_vector3f>
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Class: FEL_t etrahedral i soparanetri c_i nt erpol ant

Description:
Supportssoparametriénterpolationon tetrahedra.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL.i soparanetri c_i nterpol ant —
FEL.i sopar anetri c_3D. nt er pol ant —
FEL t et r ahedr al _i soparanetri c.i nt er pol ant.

Public Member Functions:
FEL _tetrahedral _isoparametric _interpolant(const
FEL_vector3f&, const FEL_vector3f&, const

FEL_vector3f&, const FEL_vector3f&);
Constructtheinterpolantwith thefour verticesof atetrahedron.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-

ceptionson mary systems.
int physical _to _computational _coords(const
FEL _vector3d&, double&,double&,double&, double
tol=1e-6);

Corverts physicalcoordinateqinput as FEL vect or 3d&) into local computa-
tional coordinates returnedin the doubl e&'s. The corversion usesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if no corvergence.

bool is _hexahedral _isoparametric() const;
IndicatesnvhethercallingobjectisanFEL _hexahedr al i soparaentri c.i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL_t et r ahedr al _nesh

Description:
FEL tetrahedraimeshis a subclas®f FEL unstructuredneshspecificto tetrahe-
dralmeshes.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL _nesh —
FEL_si ngl e_mesh —
FEL _unst ruct ur ed nesh —
FEL_t et r ahedr al _mesh.

Public Member Functions:
FEL _tetrahedral _mesh(int n0, FEL_vector3f* Xyz, int

n_special _triangles, FEL vector3i* triangles, int*
triangle  _ids, int n3, FEL_vector4i* tetrahedra, char*
= "tetrahedral _mesh");

Constructatetrahedratneéhgiven n0 verticeswith coordinategivenby xyz. Also
acceptn_speci al _tri angl es with verticesin the arraytrianglesandid’s in
triangl e.i ds. Alsoaccepn3tetrahedragachtetrahedromefinedby 4 integer
vertex ids.

const char* get _name() const;

void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for arny subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
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bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL._vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FEL cellll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel* ¢, int s =-1)
const;

int cell _to _int(const FEL.cell& ¢, int* i) const;
Cornvertbetweercell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C€) const; .
int * set _interpolant(FEL _cell _interpolant*) const;
int  set _interpolant(const FEL_cell _interpolant&,

FEL cell _interpolant*) const;
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int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL cell _interpolant&, FEL_cell _interpolant*) const;
Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])

const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vector3f*) const;

int coordinates _at _structured _pos(const
FEL_structured  _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&,  FEL.vector3f _and_int*)  const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Returntrue.

int get _n_triangle _sets() const;
void get _triangle  _set _ids(int[]) const;
Getinformationabouttrianglesetsspecifiedat meshconstruction.
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Class: FEL_t et rahedral physi cal _i nt er pol ant

Description:
Supportfor physicalspaceanterpolationontetrahedra.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL physi cal _i nt er pol ant —
FEL _t et r ahedr al _physi cal _i nt er pol ant .

Public Member Functions:
FEL _tetrahedral _physical _interpolant(const
FEL_vector3f&, const FEL_vector3f&, const

FEL_vector3f&, const FEL_vector3f&);
Constructtheinterpolantrwith the four verticesof atetrahedron.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

bool is _hexahedral _isoparametric() const;
IndicatesvhethercallingobjectisanFEL _hexahedr al _i soparaentri c_i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types
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Class: FEL_ti ne

Description:
FEL time canstorea time valuein one of 3 representationsphysical,computa-
tional or integercomputationali.e. anintegertime step).

Public Member Functions:
FEL_time();
Initialize representatioto FEL _TI ME_LREPRESENTATI ON_UNDEFI NED.

friend  ostream& operator<<(ostreamé& strm, const

FEL_time& time);
Write to anostream.

void set _undefined();
Settherepresentatioto FEL _TI ME_LREPRESENTATI ON_UNDEFI NED.

void set _physical(float t);
void set _computational(float t);
void set _step(int t);

Settime andrepresentation.

bool defined() const;
Testwhetherthetime is defined.

FEL_time _representation _enum get _representation() const;
Querytheobjectaboutits currenttime representation.

float  get _physical() const;
float  get _computational() const;
int get _step() const;
Getthetime in therequestedepresentation.

friend  bool operator==(const FEL_time& Ihs, const
FEL_time& rhs); _
friend  bool operator!=(const FEL_time& Ihs, const

FEL_time& rhs);
Testfor equality or lack thereof.
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Class: FEL_ti ne_series_fiel d<T>

Description:
FEL_time_seriesfield representsime-varyingfieldsvia a seriesof time steps.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL_ti me_varyingfield—
FEL_ti ne_series field.

Public Member Functions:

int at _cell(const FEL cell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T*);
int at _cell _interpolant(const FEL_cell _interpolant&,

FEL _structured
T);

T
int “at _structured _pos(const
int at phys _pos(const FEL_phys _pos&,

_pos&, T*);

int at _phys _pos(const

~ FEL_cell _interpolant*,
int at _phys _pos(const

FEL _phys _pos&,

*

FEL_p)ﬁys _posé&,

FEL cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys _pos&, const
FEL cell _interpolant&, T);
Retrieve field nodevaluesreturnlif successful.
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.
int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL_solution _globals&);

Accesgglobal’metadata”associatedvith thisfield.

varies _with _time()  const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

bool

int  card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates FEL_cell&, FEL_vector3f

[) const;

_at _cell(const
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* wvi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _.n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Changdrom onetime representatioto another

FEL_pointer<  FEL_typed _field<T> > get field(int t);
Getthefield associatedavith atime stept.

bool load(int);

bool load _all();

void unload(int);

void unload _all();

void unload _least _recently _used();

void set _working _set _size(int);

void set _verbose(bool b);

void show_working _set(ostream&);
Managetheworking setdirectly.

bool is _time _series _field() const;
Returntrue.

int get _n_time _steps() const;
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Returnthe numberof time stepsin thetime series.

FEL_pointer< FEL_typed field<T> > get _eager ield(const

FEL_time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_time _series _field<float>
FELti me_series_float field;

FEL_time _series _field<FEL _plot3d _g>
FEL_ti me_series_plot3dqgfield,

FEL_time _series _field<FEL _vector3f _and_int>
FEL_ti me_seri es_vector 3f _and.i nt fi el d;

FEL_time _series _field<FEL _vector3f>
FEL_ti me_seri es_vector3f field;
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Class: FEL_ti ne_seri es_nmesh

Description:
The classFEL time_seriesmeshprovidessupportfor mesheghatvary with time,
alsoknown asunsteadymeshes.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL _nesh —
FEL_ti me_seri es_nesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointerto the zonespecifiedby theargument.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _ceII*[) const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter
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int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL_cell&, int*,

FEL cell)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int  cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const

- FEL_structured  _pos&, FEL_vector3f*)  const;
int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;



240

int combined _iblank _at _cell(const FEL_cell&, int*)
const;
int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

_enum,
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Class: FEL_ti ne_varyingfi el d<T>

Description:

FEL time_varying field is the parentclassto FEL time_seriesfield.

Inheritance Hierarchy:

FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —

FELfield—
FEL_ typedfield—
FEL_ti me_varyingfiel

Public Member Functions:

d.

int at _cell(const FELcell&,  T[));
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL cell _interpolant&,
intT[l)ét _structured  _pos(const  FEL_structured _pos&, T%);
int at _phys _pos(const FEL_phys _pos&, T%*);
int at _phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at phys _pos(const FEL_phys pos&, const
FEL_cell _interpolant&, T);
Retrieve field nodevalues returnl if successful.
const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.
bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;
bool is _plot3d _g_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.
int get _solution _globals(FEL _solution _globals*®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata”associatedvith thisfield.
bool varies _with _time() const;

FEL_mesh_ptr

int

int

1),

Returntrueif atime-varyingfield is in thelineageof calling object.

get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

card(int d) const;
Getthe numberof cellsof specifieddimensiond.

coordinates FEL_cell&, FEL_vector3f

const;

_at _cell(const
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL_vector_3f*? const; N
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Changdrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL_pointer<  FEL_typed _field<T> > get _eager _field(const

FEL_time& = FEL-time((});
Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FEL_time& = FEL_time());
Get the minimum and maximum values of the field (undefinedfor non-scalar
fields).
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Class: FEL_ti ner

Description:
FEL timer is a high-resolutiontimer for SGI systems.A muchlower-resolution
timeris providedasafallback.

Public Member Functions:
FEL_timer();
Initialize atimer.

void reset();

void start();

void stop();
Resetstartandstopthetimer.

double elapsed();
Returnthetime elapsedin microseconds(Doesnotresetthetimer.)
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Class: FEL_t ouch_counted_fi el d<T>

Description:
Thisfield type simply sits on top of anotheffield andrecordsusagestatisticsfrom
thatfield. Suchstatisticscanbe very informative during applicationdevelopment
or tuning,asthey may guidedecisionsaboutdeploymentof lazy evaluation,eager
evaluation,or pagedfields.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_ typedfield—
FEL t ouch_count ed fi el d.

Public Member Functions:
int at _cell(const FELcell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL cell _interpolant&,

T:;

int I])at _structured  _pos(const  FEL structured _pos&, T*);
int at phys _pos(const FEL_phys _pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg_field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL_solution _globals&);
Accesgglobal’metadata’associatedvith this field.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cells of specifieddimensiond.
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[) _ const . o
Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* vi, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int Kk, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’s mesh.

void set(const FEL set _keyword _enum, int);
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int  get(const FEL get _keyword _enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time* const; )
Changegrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociatedvith this field.

FEL_pointer< FEL_typed field<T> > get _eager ield(const

FEL time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

_enum,

Get the minimum and maximum valuesof the field (undefinedfor non-scalar

fields).
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Typedefs:
FEL_touch _counted _field<float>
FEL_t ouch_count ed_f | oat fi el d;

FEL_touch _counted field<FEL _plot3d _g>
FEL_t ouch_count ed_pl ot 3d_q_fi el d;

FEL_touch _counted _field<FEL _vector3f>
FEL _t ouch_count ed_vect or 3f fi el d;
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Class: FEL_t r ansf or red_nesh

Description:
Transformedneshsubclassesmulateapplyingrigid transformation$o meshes.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_t r ansf or med_mesh.

Public Member Functions:
const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL _vertex _ceII*I) const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

void set(const FEL set _keyword _enum, int);
Setameshparameter

int  get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.
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int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL.vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL vertex _cell&)  const;

void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])
const

Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL cell&, int*,

FEL celll]).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL cell&, int, int, int
~ FEL cell[], int = —1& const; . )
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢, int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL_cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL _vector3f*) const;

int coordinates _at _structured _pos(const
FEL structured  _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

FEL_vector3f _and_int[]) const;
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int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_t ransl at ed_nmesh

Description:
Translatednesheemulateapplyingatranslationto a mesh.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nut ex_r ef er ence_count ed_obj ect —
FEL _nesh —
FEL_t r ansf or med_mesh —
FEL_t r ansl at ed_nmesh.

Public Member Functions:
FEL_translated _mesh(FEL _mesh_ptr, const FEL_vector3f& t,

char* = "translated  _mesh");
Constructa meshemulatinga translationof t.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointerto the zonespecifiedby the argument,with the sametranslation
appliedasby this mesh.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
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Seta meshparameter

int  get(const FEL_get keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL_time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) ]
Returnthecellsadjacento thefirst agument.

int decomposition _cells(const FEL cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;,
Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
_ const; ] ] _
int cell _to _int(const FEL cell& ¢, int* i) const;

Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FELcel* «c) const;
int locate(const FEL_phys pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL cell _interpolant&,

~ FEL_cell _inte(rfolant’_‘) const;

int locate _and_set _interpolant(const FEL _phys _pos&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,

FEL _vector3f*) const;
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int coordinates _at _structured _pos(const
FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)
_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; _
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_tri angl e_set

Description:
FEL_triangle setrepresents setof trianglesandthe setof vertex facesof the tri-
angles.

Public Member Functions:
FEL triangle  _set();
Initialize to defaults.

"FEL _triangle  _set();
Deallocatebuffers.
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Class: FEL_triangl evertices

Description:
FEL_triangleverticesis usedto representhe 3 integervertex indicesof atriangle.
Theclassis usedby FEL_unstructurednesh.

Inheritance Hierarchy:
FEL vector3i —
FEL_triangl everti ces.

Public Member Functions:
FEL_triangle  _vertices();

FEL triangle  _vertices(const FEL vector3i&  v3i);
FEL triangle  _vertices(int vO, int wvl, int v2);
Initialize.

friend  unsigned FEL_hash(const FEL_triangle _vertices&

tv);
Returna cheaphash.

friend  bool operator==(const FEL triangle  _vertices&

lhs, const FEL._triangle _vertices&  rhs); _
Testfor equality Triangleindicesdo nothave to be orderedthesamein thelhsand

rhs.
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Class: FEL_tri angul ar i soparametri c_ nt er pol ant

Description:
Supportssoparametriénterpolationon triangles.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL_nmut ex_r ef er ence_count ed_obj ect —
FEL.i nt er pol ant —
FEL.i soparanetri c_i nterpol ant —
FEL.i sopar anetri c_2D. nt er pol ant —
FEL_triangul ar _i soparanetri c_i nterpol ant .

Public Member Functions:
FEL _triangular _isoparametric _interpolant(const
FEL_vector2f&, const FEL_vector2f&, const

FEL_vector2f&); ] ) )
Constructtheinterpolantwith thethreeverticesof atriangle.

const char* get _name() const;
void set _name(const char®);
Accessthe nameof this object.

bool ok() const;
Indicatesif interpolantwas successfullyconstructed Workaroundfor lack of ex-
ceptionson mary systems.

int physical _to _computational _coords(const

FEL vector2d&,  double&,double&, double tol=1e-6);
Corverts physicalcoordinateqinput as FEL vect or 2d&) into local computa-

tional coordinates returnedin the doubl e&'s. The corversion usesNewton-
Raphsoriteration,with toleratederror< t ol . Returns0 if nocorvergence.

bool is _hexahedral _isoparametric() const;
IndicatesnvhethercallingobjectisanFEL _hexahedr al i soparaentri c.i nt er pol ant .

FEL _interpolation _enum get _interpolation() const;
Interfacefor retrieving interpolationmode.

bool is _mesh() const;
bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types
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Class: FEL_typed_fiel dT>

Description:
Purevirtual baseclassor all templatedields. Thisclassdeclareshetype-dependent
interfacecommonto all fields— primarily at *() calls, which provide lazy evalua-
tion of field valuesat givenlocationsin spaceandtime.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FELfield—
FEL_typed_fi el d.

Public Member Functions:
int at _cell(const FEL cell&,  T[);
int at _vertex _cell(const FEL.vertex _cell&,  T%);
int at _cell _interpolant(const FEL_cell _interpolant&,

TI);

int I])at _structured  _pos(const  FEL structured _pos&, T*);
int at _phys pos(const FEL_phys pos&, T%*);

int at _phys _pos(const FEL_phys _pos&,

~ FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&,

~ FEL_cell _interpolant&, FEL_cell _interpolant*, T);
int at _phys _pos(const FEL_phys pos&, const
FEL cell _interpolant&, T);

Retrieve field nodevalues,returni if successful.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

bool is _core field() const;
bool is _float _field() const;
bool is _vector3f _field() const;

bool is _plot3d _qg-field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _solution _globals(FEL _solution _globals®);
void set _solution _globals(const FEL solution  _globals&);
Accesgglobal’metadata”associatedvith this field.

bool varies _with _time() const;
Returntrueif atime-varyingfield is in thelineageof calling object.

FEL_mesh_ptr get _mesh() const;
Retrieve a pointerto the meshassociatedavith thisfield.

int  card(int d) const;
Getthe numberof cellsof specifieddimensiond.

int coordinates  _at _cell(const FEL cell&, FEL vector3f
[) const;
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Getphysical-spaceoordinate®f specifiedcell.

void begin(FEL _vertex _cell _iter* vi) const;
Initialize aver t ex_cel | iteratorto loop overall vertices.

void begin(FEL _cell _iter* ci) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _vertex _cell _ter* i, int Kk, ..) const;
int begin(FEL _cell _ter* ci, int k, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _ter* ci) const;
Initialize aniteratorto testif atend.

bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew key FEL types

bool is _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_zones() const;
Getnumberof zonesn thisfield’'s mesh.

void set(const FEL_set _keyword _enum, int);
int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Setanoptiononthisfield, or its mesh.

int coordinates _at _vertex _cell(const FEL_vertex _cell&,
FEL_vectorSf*? const; B
Getphysical-spaceoordinate®f specifiedcell.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time* const; )
Changedrom onetime representatioto another

bool is _time _series _field() const;
Returntrueif calling objectis aninstanceof correspondinglass.

int get _n_time _steps()  const;
Getnumberof timestepsassociateavith this field.

FEL _pointer< FEL typed field<T> > get _eager field(const

FEL time& = FEL_timeQ);
Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get _min_max(T*, T* const FELtime& = FEL_time());

Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL_typed _field<double>
FEL doubl e fi el d;
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FEL_typed _field<float>
FEL fl oat fi el d;

FEL typed field<FEL _matrix33f>
FEL_matri x33f fi el d;

FEL_typed _field<FEL _plot3d _density _momentum>
FEL _pl ot 3d_densi ty_nmonent umfi el d;

FEL typed field<FEL _plot3d _g>
FEL pl ot 3d_q-fi el d;

FEL typed field<FEL _vector2f>
FEL_vect or 2f fiel d;

FEL_typed _field<FEL _vector3d>
FEL_vect or3d_fi el d;

FEL typed field<FEL _vector3f _and _int>
FEL_vect or 3f _.and.i nt fiel d;

FEL_typed _field<FEL _vector3f>
FEL_vect or 3f fi el d;
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Class: FEL_unstructured_mesh

Description:
The classFEL_unstructuredmeshrepresentsnesheghat are not not structured.
CurrentlyFEL unstructuredneshesonsistof tetrahedratriangles,edgesandver-
tices.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_si ngl e_mesh —
FEL unstruct ur ed_nesh.

Public Member Functions:

FEL_unstructured  _mesh(int, FEL_vector3f*, int,
FEL _vector4i*, int,  FEL_vector3i*, int*, const char*r =
"unstructured _mesh");

Constructanunstructurednesh.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

int get _n_zones() const;
Returnl for ary subclas®f FEL_si ngl e_nesh.

FEL_mesh_ptr get _zone(int) const;
Returnthe meshitself theargumentis 0, andNULL otherwise.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell*l) const; )
Locateavertex closeto thegivenpoint.

bool cell _has collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL cell&  double*)  const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL_cell&, float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&  FEL_vertex _ceII*R const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;



260

Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthe cardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL vector3f*, const

FEL time& = _FEL_time(?]);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL_cell&, int*, FEL_cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll)  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL cell[], int = —1& const; . )
int  down_cells(const EL_cell&, int, int* FEL_cell[])
const;,
Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢, int s = -1)
_ const; ) ) _
int cell _to _int(const FEL cell& ¢, int* i) const;

Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c) const;
int locate(const FEL_phys _pos& p, FEL_cell&, FEL_cell*

~ C) const; _

int ~ set _interpolant(FEL _cell _interpolant*) const;
int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL _phys _pos&,
~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

FEL cell _interpolant&, FEL_cell _interpolant*) const;



Locateandsetinterpolant.

int coordinates _at _cell(const FEL_cell&, FEL _vector3f[])
const;

int coordinates _at _vertex _cell(const FEL vertex _cell&,
FEL vector3f*) const;

int coordinates _at _structured _pos(const
FEL_structured _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL cell&, int[]) const;

int iblank _at vertex _cell(const FEL vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL_cell&, int*)

_const; .

int coordinates _and_iblank _at _cell(const FEL_cell&,

~ FEL_vector3f _and_int[E)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL vertex _cell&, FEL vector3f _and _int*) const;
AccesscoordinategandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int  begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Returntrue.

int get _n_triangle _sets()  const;
void get _triangle  _set _ids(int[]) const;
Getinformationabouttrianglesetsspecifiedat meshconstruction.
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Class: FEL_vector<int N, T>

Description:
A vectortemplatedon boththe numberof componentdN andtheirtypeT.

Public Member Functions:
FEL _vector();
FEL_vector(T  dat[]);

Initialize avector

friend  ostream& operator<<(ostreamé& strm, const

FEL vector<N,T>&  V);
Write to anostream.

T& operator[](int i);
const T& operator[](int i) const;
Accessvectorcomponents.
friend  FEL.vector<N,T>  operator*(double lhs, const
FEL_vector<N,T>&  rhs);
friend  FEL_vector<N,T> ~ operator+(const FEL_vector<N,T>&
Ihs, const FEL._vector<N,T>&  rhs);
friend  FEL.vector<N,T> operator-(const FEL_vector<N,T>&
v);
friend  FEL_vector<N,T>  operator-(const FEL_vector<N,T>&
Ihs, const FEL_vector<N,T>& rhs);
fiend  FEL_vector<N,T> operator*(const FEL vector<N,T>&
Ihs, double rhs);
Do vectormath.
friend  bool operator==(const FEL_vector<N,T>& I|hs,

const FEL.vector<N,T>& rhs);
Testfor equality



Class: FEL_vect or 2<T>

Description:
A two component/ectorclass.

Public Member Functions:
FEL_vector2();
FEL _vector2(const T& dO, const T& dl);
Initialize avector

friend  ostream& operator<<(ostreamé& strm, const
FEL vector2<T>&  v);
Write to ostream.
void set(const T& dO, const T& dl);
Accessvectordatamembers.
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friend  bool operator==(const FEL_vector2<T>& Ihs, const

FEL_vector2<T>&;

friend  bool operator!=(const FEL vector2<T>& Ihs, const

FEL_vector2<T>&; .
Testfor equalityandinequality

FEL_vector2<T>&  operator*=(const T& f);
FEL_vector2<T>&  operator/=(const T& f);
friend  FEL_vector2<T>  operator+(const FEL_vector2<T>&

Ihs, const FEL_vector2<T>& rhs);
friend  FEL_vector2<T>  operator-(const FEL vector2<T>&

Ilhs, const FEL_vector2<T>& rhs);

friend  FEL.vector2<T> operator*(const double lhs, const

_FEL_vector2<T>&  rhs);
friend  FEL_vector2<T>" operator*(const FEL_vector2<T>&

Ihs, const double rhs);
Do vectormath.

T v();
Exposetheraw representatioffor callsto librariesexpectingT*.
T& operator[](int i);

const T& operator[](int i) const;
Accessvectordatamembers.

Typedefs:
FEL_vector2<double>
FEL_vect or 2d;

FEL_vector2<float>
FEL vect or 2f ;

FEL_vector2<int>
FEL_vector 2i ;
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Class: FEL_vect or 3<T>

Description:
A threecomponentectot

Public Member Functions:
FEL_vector3();
FEL_vector3(const T& dO, const T& dl, const Té& d2);
Initialize a 3 componenvector

friend  ostream& operator<<(ostreamé& strm, const

FEL_vector3<T>& v);
Write to anostream.

void set(const T& dO, const T& dl, const T& d2);

Accessvectormembers.
friend  bool operator==(const FEL vector3<T>& Ihs, const
_FEL_vector3<T>&;
friend  bool operator!=(const FEL_vector3<T>& Ihs, const

FEL vector3<T>&; _
Testfor equalityandinequality

FEL _vector3<T>&  operator+=(const FEL_vector3<T>& v);
FEL_vector3<T>& operator-=(const FEL_vector3<T>& v);
friend  FEL_vector3<T>  operator-(const FEL_vector3<T>&
v);
friend  FEL_vector3<T>  operator+(const FEL_vector3<T>&
lhs, const FEL._vector3<T>& rhs);

Do vectormath.
™ V()

Exposetheraw representatiofor callsto librariesexpectingT*.
T& operator[](int i);
const T& operator[](int i) const;

Typedefs:

FEL_vector3<double>
FEL _vect or 3d;

FEL_vector3<float>
FEL_vect or 3f;

FEL_vector3<int>
FEL_vect or 3i ;
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Class: FEL_vect or 3f _and._i nt

Description:

The classFEL vector3fandint is usedto representoordinatesandan IBLANK
pairedtogether

Inheritance Hierarchy:
FEL vect or 3f —
FEL_vect or 3f _and.i nt .

Public Member Functions:
FEL_vector3f _and _int();
FEL vector3f _and _int(const float& dO, const float& di,

const float& d2, int ib);
Initialize anFEL _vect or 3f _.and_i nt .

friend  ostream& operator<<(ostreamé&, const

FEL_vector3f _and_int&); )
OutputanFEL vect or 3f _and_i nt to anostream.

friend  FEL_vector3f _and_.int operator*(float Ilhs, const
_FEL_vector3f _and_int& rhs);
friend  FEL_vector3f _and_int” operator*(double Ilhs, const

FEL vector3f _and_int& rhs);
Multiply by ascalarint membercopiedfrom rhs.

friend  FEL_vector3f _and_int operator+(const
FEL_vector3f _and_int& |hs, const FEL_vector3f _and._int&

rhs);
&dd two items,usingFEL _i bl ank _conbi ne() to computeintin result.
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Class: FEL_vect or 4<T>

Description:

Public Member Functions:
FEL vector4();
FEL vector4(const T& dO, const T& di1, const Té& d2,

const T& d3);
Initialize a4 componenvector

friend  ostream& operator<<(ostreamé& strm, const

FEL vector4<T>&  V);
Write to anostream.

void set(const T& dO, const T& d1, const T& d2, const

T& d3);
Acceswectorcomponents.

friend  bool operator==(const FEL_vector4d<T>& Ihs, const
_FEL_vector4<T>&;
friend  bool operator!=(const FEL vector4d<T>& Ihs, const

FEL_vector4<T>&; _
Testfor equalityandinequality

FEL_vector4<T>&  operator-=(const FEL_vectord<T>& v);
FEL _vector4d<T>&  operator+=(const FEL_vector4d<T>& v);
FEL _vector4<T>&  operator*=(const T& f);
FEL_vector4<T>&  operator/=(const T& f);
friend  FEL_vector4<T>  operator-(const FEL_vectord<T>&
v);
friend  FEL_vector4<T>  operator+(const FEL_vectord<T>&
Ihs, const FEL_vectord<T>& rhs);
friend  FEL_vector4<T>  operator-(const FEL vectord<T>&
Ihs, const FEL_vectord<T>& rhs);
friend  FEL_vector4<T>  operator*(float Ilhs, const
_FEL_vector4<T>& rhs);
friend  FEL_vector4<T>" operator*(const FEL_vectord<T>&
Ihs, float rhs);
friend  FEL_vector4<T> operator*(double Ilhs, const
FEL_vector4<T>& rhs);
friend  FEL_vector4<T>" operator*(const FEL vectord<T>&
Ihs, double rhs);

Do vectormath.
T v();

Exposetheraw representatiofor callsto librariesexpectingT*.
T& operator[](int i);
const T& operator[](int i) const;

Acceswectorcomponents.



Typedefs:
FEL_vector4<double>
FEL .vect or 4d;

FEL_vector4<float>
FEL_vect or 4f ;

FEL_vector4<int>
FEL _vect or 4i ;
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Class: FEL_vect or 8<T>

Description:
An 8 componentector

Public Member Functions:
FEL_vector8();

FEL_vector8(const T& dO, const T& dl1, const Té& d2,
const T& d3, const T& d4, const T& d5, const T& d6,
const T& d7);

Initialize avector

friend  ostream& operator<<(ostreamé& strm, const

FEL vector8<T>&  v);
Write to anostream.

void set(const T& dO, const T& d1, const T& d2, const
T& d3, const T& d4, const T& d5, const T& d6, const
T& d7);

Accessvectorcomponents.

™ V()

Exposetheraw representatiofor callsto librariesexpectingT*.

friend  bool operator==(const

_FEL_vector8<T>&;
friend  bool operator!=(const

FEL_vector8<T>&;
Testfor equalityandinequality
FEL_vector8<T>&
FEL_vector8<T>&
FEL_vector8<T>&
FEL_vector8<T>&

operator-=(const
operator+=(const
operator*=(const
operator/=(const

friend  FEL_vector8<T>  operator-(const
v);

friend  FEL_vector8<T>  operator+(const
Ihs, const FEL_vector8<T>& rhs);
friend  FEL.vector8<T> operator-(const
Ihs, const FEL_vector8<T>& rhs);
friend  FEL_vector8<T>  operator*(float
FEL_vector8<T>& rhs);

friend  FEL_vector8<T> " operator*(const
Ihs, float rhs);

friend  FEL_vector8<T> operator*(double

FEL_vector8<T>& rhs);

friend  FEL_vector8<T>" operator*(const
Ihs, double rhs);
Do vectormath.
T& operator[](int i);
const T& operator[](int i) const;

Acceswectorcomponents.

FEL_vector8<T>&
FEL_vector8<T>&

lhs, const

Ihs, const

FEL_vector8<T>& v);
FEL_vector8<T>& v);
T& f);
T& f);

FEL_vector8<T>&
FEL_vector8<T>&
FEL_vector8<T>&
lhs, const
FEL_vector8<T>&
lhs, const

FEL_vector8<T>&



Typedefs:
FEL_vector8<double>
FEL .vect or 8d;

FEL_vector8<float>
FEL_vect or 8f ;

FEL_vector8<int>
FEL _vect or 8i ;
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Class: FEL_vertex_cel |

Description:
The FEL vertex_cell classrepresentsertices. FEL vertex_cell inheritsalmostall
its functionalityfrom FEL cell.

Inheritance Hierarchy:
FEL cel | —
FEL_vertex_cell.

Public Member Functions:
FEL_vertex _cell();

FEL_vertex _cell(int i, int j, int K);

FEL_vertex _cell(const FEL_vector3i& i, int zn, const
FEL time& t);

FEL_vertex _cell(const FEL structured _pos& sp);
FEL_vertex _cell(const FEL_cell& c¢);

Initialize a vertex cell.

void set _type(FEL _cell _type _enum t);
short get _subid()  const;

void set _subid(short si);
FEL_vector3i get _ijk() const;

int get _ijk(int i) const;

void set _ijk(const FEL_vector3i& i);
void set _ijk(int i, int j, int Kk);
int& operator[](int i);

const int& operator[](int i) const;
int get _unstructured  _d() const;

void set _unstructured  _id(int i);

int get _zone() const;

void set _zone(int 2);
Accesshecell datamembers.

float get _physical _time() const;
float  get _computational _time() const;
int get _time _step() const;
FEL_time get _time() const;
void set _time(const FEL_time& t);
void set _physical _time(float t);
void set _computational _time(float t);
void set _time _step(int t);
void set _time _undefined();

Accesghetime representation.

int get _dim() const;
Getthedimensionof thecell.

int get _n_nodes() const;
int get _n_vertices() const;
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Getthe numberof nodes pr the numberof vertices.

bool simplicial() const;

Returntrueif thecell is avertex, edge triangleor tetrahedron.
FEL vertex _cell& operator+=(const FEL vector3i& rhs);
FEL_vertex _cell& operator-=(const FEL_vector3i& rhs);
friend  FEL_vertex _cell operator+(const FEL_vertex _cell&
v, const FEL_vector3i& ijk);
friend  FEL_vertex _cell operator-(const FEL_vertex _cell&

v, const FEL.vector3i& ijk);
Do mathwith theijk datamember
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Class: FEL_vertex_cell _iter
Description:

Inheritance Hierarchy:
FEL cell iter —
FEL_vertex_cell diter.

Public Member Functions:
bool done() const;
Testwhethertheiteratoris done.

const FEL cell& operator*();
Dereferencé¢heiterator

void operator++();
void operator++(int);
Incrementheiterator

int get _zone();
void set _zone(int zn);
Accesshecell zone.

void set _physical _time(float pt);
void set _computational _time(float ct);
FEL_time get _time();

Accesgthetime of thecell.

int card() const;
Returnthe numberof cellsthatthis iteratoris initialized to produce(not supported
if theiteratoris initialized to loop over mulitiple zones).

void set _time(const FEL_time& t);
void set _time _step(int t);
Accesshetime of thecell.
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Class: FEL_x_r ot at ed_nesh

Description:
Emulaterotatinga meshaboutthe x-axis.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL_t r ansf or ned_mesh —
FEL r ot at ed_nmesh —
FEL x_r ot at ed_nesh.

Public Member Functions:
FEL x _rotated _mesh(FEL _meshptr m, float a, char* nm =

"x _rotated _mesh"); .
Constructa meshrotateda degreesaboutthe x axis.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointerto the zone specifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll]).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL_cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;,

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL _cell*

~ C€) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;



int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

_ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_y_r ot at ed_nesh

Description:
Emulaterotatinga meshaboutthe y-axis.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_nesh —
FEL_t r ansf or med_mesh —
FEL r ot at ed_nmesh —
FEL .y r ot at ed_nesh.

Public Member Functions:
FEL.y rotated _mesh(FEL _mesh_ptr m, float a, char* nm =

"y _rotated _mesh"); _
Constructa meshrotateda degreesaboutthey axis.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointer to the zone specifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside _bounding _box(const FEL_phys _pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL _phys _pos&,

FEL_vertex _cell’? const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL cell&, FEL vector3f*)
const;

int longest _edge length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _ceII*R const;
Getgeometrigpropertiesof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int*, int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL time& = FEL_time(p;
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthemesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL _cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY
~ FEL cell[], int = -1'): const; ) _
int  down_cells(const EL cell&, int, int* FEL _cell[])
const;

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s =-1)
const;

int cell _to _int(const FEL.cell& ¢, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL cell*

~ C€) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int  set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _posg&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _posg&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;



278

int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL_vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and_iblank _at _cell(const FEL cell&,

_ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation _enum,

FEL_time*)  const; .
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ..) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: FEL_z_r ot at ed_nesh

Description:
Emulaterotatinga meshaboutthe z-axis.

Inheritance Hierarchy:
FEL_r ef er ence_count ed_obj ect —
FEL _nmut ex_r ef er ence_count ed_obj ect —
FEL_mesh —
FEL_t r ansf or ned_mesh —
FEL r ot at ed_nmesh —
FEL z r ot at ed_nesh.

Public Member Functions:
FEL_z rotated _mesh(FEL _meshptr m, float a, char* nm =

"z rotated _mesh"); )
Constructa meshrotateda degreesaboutthe z axis.

const char* get _name() const;
void set _name(const char*);
Accessthe nameof this object.

FEL_mesh_ptr get _zone(int) const;
Returna pointerto the zone specifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside _bounding _box(const FEL_phys pos& p);
Returntrueif pis insideboundingbox of mesh.

int locate _close _vertex _cell(const FEL_phys _pos&,

FEL_vertex _ceII*R const; )
Locatea vertex closeto thegivenpoint.

bool cell _has _collapsed _edge(const FEL_cell&)  const;

int  volume _of _cell(const FEL_cell&  double*) const;
int centroid _of _cell(const FEL_cell&, FEL _vector3f*)
const;

int longest _edge _length _of _cell(const FEL cell&,  float*)
const;

int closest _vertex _of _cell(const FEL_phys _pos&, const

FEL cell&,  FEL_vertex _cell? const;
Getgeometrigpropertieof acell.

bool is _multi _mesh() const;
bool is _curvilinear _surface _mesh() const;
bool is _mesh() const;
Provide run-timetypedeterminatiorfor afew meshsubclasses.

bool is _field() const;
Provide run-timetype determinatiorfor afew key FEL types

bool is _structured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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void set(const FEL_set _keyword _enum, int);
Setameshparameter

int get(const FEL_get _keyword _enum, int* int[], int =

FEL_ZONEUNDEFINED) const;
Getameshparameter

int  card(int k) const;
Getthecardinalityof k-cells.

int get _bounding _box(FEL _vector3f*, FEL _vector3f*, const

FEL_time& = _FEL_time(L);
Gettheboundingbox of themesh.

bool on_mesh(const FEL vertex _cell& v) const;
Returntrueif v is valid vertex onthe mesh.

int get _node _index(const FEL.vertex _cell&)  const;
void get _node _indices(const FEL_cell&, int[]) const;
Gettheflat file indicesof cell vertices.

int adjacent _cells(const FEL cell&, int*, FEL cell[])

const; ) )
Returnthe cellsadjacento thefirst algument.

int decomposition _cells(const FEL_cell&, int*,

FEL celll]).  const; N
Getthesimplicial decompositiorcells.

int  up_cells(const FEL_cell&, int, int, intY,
~ FEL_cell[], int = -1& const; _ )
int  down_cells(const EL cell&, int, int* FEL cell[])
const;,

Returnincidentcells.
int int _to _cell(int i, int d, FELcel ¢ int s = -1)
const;

int cell _to _int(const FEL.cell& c, int* i) const;
Corvertbetweemcell ¢ andits canonicakenumeration .

int locate(const FEL_phys pos& p, FEL.cel* «c¢) const;
int locate(const FEL phys pos& p, FEL_cell&, FEL _cell*

~ C€) const; .

int * set _interpolant(FEL _cell _interpolant*) const;

int set _interpolant(const FEL_cell _interpolant&,

~ FEL_cell _interpolant*) const;

int locate _and_set _interpolant(const FEL_phys _pos&,

~ FEL_cell _integ)olant’f) const;

int locate _and_set _interpolant(const FEL_phys _pos&,
FEL_cell _interpolant&, FEL_cell _interpolant*) const;

Locateandsetinterpolant.

int coordinates _at _cell(const FEL cell&, FEL vector3f[])
const;



int coordinates _at _vertex _cell(const FEL_vertex _cell&,

~ FEL_vector3f*) const;
int coordinates _at _structured _pos(const

FEL structured  _pos&, FEL vector3f*) const;

int iblank _at _cell(const FEL_cell&, int[]) const;

int iblank _at _vertex _cell(const FEL_vertex _cell&, int*)
const;

int combined _iblank _at _cell(const FEL cell&, int*)

_const; _

int coordinates _and _iblank _at _cell(const FEL cell&,

_ FEL_vector3f _and_intq)) const;
int coordinates _and_iblank _at _vertex _cell(const

FEL_vertex _cell&,  FEL.vector3f _and.int*)  const;
AccesscoordinatesandIBLANK.

int convert _time(const FEL_time&, FEL_time _representation

FEL_time*)  const; )
Corverttime representation.

void begin(FEL _vertex _cell _iter*) const;
Initialize aver t ex_cel | iteratorto loop overall thevertices.

void begin(FEL _cell _iter*) const;
Initialize a cell iteratorto loop over all the highest-dimensiogells.

int begin(FEL _cell _iter*, int, ...) const;
int begin(FEL _vertex _cell _iter*, int, ..) const;
Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL _cell _iter*) const;
Initialize aniteratorto testif atend.

bool is _unstructured _mesh() const;
Provide run-timetype determinatiorfor afew meshsubclasses.
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Class: TSL_base

Description:
TSL baseis designedo be a repositoryfor methodsanddatacommonto all task
synchronizatiorclasses.

Public Member Functions:



Class: TSL_nut ex
Description:

TSL_mutex providesa simple,spinningmutualexclusionlock.

Inheritance Hierarchy:
TSL base —
TSL_nmut ex.

Public Member Functions:
void lock();
Acquirethelock.

void unlock();
Releasdahelock.
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